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ABSTRACT

Chi nook sal non reproduced naturally in the C earwater
R ver until damm ng of the |ower mainstemin 1927 inpeded
upstream spawning mgrations and decimated the popul ations.
Removal of the Washington Water Power Damin 1973 reopened
upriver passage. This study was initiated to determne the
feasibility of re-introducing chinook salnmon into the | ower
mai nstem C earwater River based on the tenperature and flow
regines, water quality, substrate, and invertebrate
production since the conpletion of Dworshak Dam in 1972.
Tenperature data obtained fromthe United States Ceol ogi cal
Surve?/ gagi ng stations at Peck and Spal ding, |daho were used
to cal cul ate average m ni mum and maxi num wat er tenperature
on a daily, nmonthly and yearly basis. The col dest and
war nest (absol ute m ni mum and nmaxi nun) tenperatures that
have occurred in the past 15 years were also identified.
Qur analysis indicates that average | ower mainstem
Clearwater River water tenperatures are suitable for all
l'ife stages of chinook sal non, and al so for steel head trout
rearing. In some years absolute maxi num water tenperatures
in late sumer nay postpone adult staging and spawning.
Absol ute m ni nrum t enper at ures have been recorded that coul d
decrease overw nter survival of summer chinook juveniles and
fall chinook eggs depending on the quali t%/ of wnter hiding
cover and the preval ence of intra-gravel freezing in the
| oner mainstem Clearwater River. Average and absol ute
sumer tenperatures during the mgjority of years since
Dwor shak Dam operati on have been warmer than optinmum for
chi nook sal non and steel head rearing, but are well below the
uPper tenperatures tolerated by these species. Dworshak Dam
flows could influence anadromous fish spawning, incubation,
and rearing, however, nore information on | ower mainstem
Clearwater River habitat is needed to quantify flow effects.
Water Quality in the |ower Clearwater is suitable for all
life stages of chinook salnon and steel head trout.
| nformation on Clearwater River substrate is inadequate to
discuss its suitability for spawning and rearing of
anadronmous fish. Aquatic invertebrate ﬁroducti on appears to
be adequate to rear both juvenile steel head trout and
chi nook sal non.



| NTRODUCTI ON

Historically, large nunbers of salnmon (Oncorhynchus
sp.) and steel head trout (Salnon gairdneri) spawned and
reared in the Cearwater River Basin (Figure 1). However
docunentation of the species/race conposition and nunbers
prior to Colunbia Basin inmpounding is limted nostly to eye-
W tness accounts. Lane and Lane Associates, and Nash (1981)
interviewed Nez Perce Tribal elders regarding nineteenth and
early twentieth century fishing activities. Apparently,
steel head trout fishing began 1n Novenber and conti nued
until June when fish becanme soft and unpalatable. Sal non
arrived in July, were caught in August through Septenber
until they died after spawning at the heads of "smaller
tributaries" (WIlson in Lane and Lane Associates, and Nash
1981). There was no nention of |ower nainstem d earwater
River (LMCR) spawning or fishing efforts; perhaps because
tribal fishing technology was not geared towards fish
harvest in this large mainstem river

The timng of magration, spawning, and harvest efforts
strongly suggests that summer/spring runs of chinook sal non
(0. tshawytscha) and sunmer steelhead trout were the
principal taxa of anadronous fish in the headwaters and
tributaries of the Clearwater River. Also, coho éo.

Ki sutch) (Slickpoo in Lane and Lane Associ ates, and Nash
1981% and fall chinook salnon (R chards 1967) may have
i nhabi ted the drainage. Interviews conducted by Lavier
(1976) suggest that prior to 1850 fall chinook sal non
spawned fromthe Snake River confluence to the present

| ocation of Orofino.

Chi nook sal non and steel head trout runs declined bel ow
historic levels by 1915 (Kipp in Lane and Lane Associ ates,
and Nash 1981). Inadequate fish passage at the two
Vashi ngton Water Power Dans (WAWD), at Lewi ston in 1927 and
Stites in 1949, further reduced steelhead trout popul ations
and virtually elimnated chinook sal non runs (R chards
1967).  Sporadic fish counts at the Lew ston WAPD from 1928-
1950 indicate that summer steel head trout and chi nook sal mon
conprised the surviving anadronous run (Richards 1967).

Not ably, counting times and procedures were not designed to
detect the presence or absence of fall chinook or coho
sal non (Richards 1967).

Murphy and Kieffer (in press) authored a detailed
revi ew of anadronous fish releases in the Cearwater R ver
subbasin.  Apparently, the |Idaho Departnment of Fish and Gane
(IDFG began supplenenting depressed anadronous runs by
planting a total of 250,000 spring chinook fingerlings in
the Little North Fork of the Cearwater R ver between 1947
and 1954 (Richards (1967). \Wen fish passage by the
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Lewi ston WAPD was inproved in 1961 (Wl sh 1961), |DFG
initiated a chinook sal non restoration Progran1directed
primarily towards re-establishing a self-sustaining run of
fish in the Selway River system Eyed egg plants of fal
(Snake River and Spring Creek, Washington stocks) (Wl sh
1961) and summer/spring chinook salmon (Salnmon R ver, Carson
National Fish Hatchery Washington, and m xed stocks from
Bonnevill e Dam trappi ng operations) (Welsh 1963% were started
in 1960 and 1961, respectively. he total nunber of eggs
planted in the Selway during the reintroduction program
totalled 61.9 mllion (Lindland and Bow er 1986).

Efforts were al so nade to restore coho sal non runs
above the Stites WAPD on the South Fork Cl earwater River
usi ng Aber nat hy Fbtcheb&vyWShington stock in 1962 (Richards
1967). In 1963, this D was renoved, thereby easing
passage to the South Fork (Bell 1964).

Attenpts to restore fall chinook and coho salnmon in
these Clearwater River tributaries were termnated in 1968
due to poor adult returns (Hoss 1970a and 1970b). Also, it
appears that by 1972 summrer chi nook egg plants and rel eases
had been virtually elimnated (Hoss 1972).

On the other hand, spring chinook salnon restoration
efforts expanded in the 1970's to include the Lochsa River
and Lolo Creek (Lindland and Bow er 1986). proxi mately
3.5 mllion spring chinook salnon fry and snolts (Rapid
River, Carson, South Santiam Little Wite Sal non and
Leavenworth Hatchery stocks)(Howel |l et al. 1985) were
rel eased in the Lochsa River drainage from 1972 to 1979
(Lindland and Bow er 1986). One hundred thousand and five
hundred Rapid River spring chinook salnon fry were rel eased
into Lolo Creek in 1970. Spring chinook restoration has
continued through the 1980's, predom nantly in the South
Fork Clearwater River (Lindland and Bow er 1986).

The success of the | DFG chinook sal non restoration
program was neasured by adult counts at the Lew ston WAPD
from 1950-1972 and by redd counts and regression analysis
from 1973-1985 (Lindland and Bow er 1986). According to
Li ndl and and Bow er, spring chinook runs to Cearwater River
headwat ers increased from 1950 froma |ow of nine to a high
of 3,467 adults. Regression estimates for the years 1972 to
1985 averaged 2, 780 spring chinook adults to C earwater
R ver headwaters (cal cul ated using data in Lindland and
Bowl er 1986, excludi ng Kooski a National Fish Hatchery
rel eases).



Smolt and fry rel eases from Kooskia National Fish
Hat chery (KNFH) contribute to spring chinook sal mon returns
to the Clearwater River. Kooskia NFH is owned by the U. S
Fish and Wldlife Service and is operated to suppl enent
spring chinook stocks primarily by direct releases into
Cear Creek. Approximately 6.5 mllion snolts and 4.5
mllion fry were released into Cear Creek from 1971 - 1985,
but relatively few snmolt outplants have been made into the
habitat (Lindland and Bow er 1986). Adult returns to the
rack during this tine period have ranged from5 to 3,026
fish (MIler et al. 1987).

Steel head trout return to the Clearwater River in
greater nunbers than chinook salnmon. Adult wild steel head
counts at the Lew ston WAPD ranged from 3, 167 to 22,514 from
1950 to 1961 (MIler 1987). Nonetheless, the Stites W\PD
conbi ned with other pollution problens necessitated
st eel head suppl ementation efforts in the South Fork
Cearwater River. Steelhead ganetes were taken at the
Lewi ston WAPD to control | ed hatching channels on the South
Fork beginning in 1962 (R chards 1967). Although this
program continued through the early 1970's it was inpossible
to quantify adult returns to the South Fork because of high
turbid runoff common during the steel head spring spawni ng
period (Hoss 1971, 1974, 1975). Notably, total passage at
the Lewi ston WAPD averaged 22,428 fish during the 1962 to
1972 time ﬁel‘l od (calculated using data from M| ler 1987)
prior to the dammng of the North Fork Clearwater River.

The damm ng of the North Fork C earwater River by the
U S. Arny Corps of Engineers in 1970 caused a profound
change in Cearwater R ver steelhead management.  Dworshak
National Fish Hatchery (DNFH) was constructed by the U S.
Arnmy Corps of Engineers to mtigate the | oss of steel head
trout produced in extensive prine spawning areas flooded and
bl ocked by Dworshak Dam (Figure 1). One and a half to
approximately 2.8 mllion snmolts (Lindland and Bow er 1986)
of North Fork summer run steel head trout ancestry (Dworshak
Hat chery stock) are rel eased annually in the C earwater
Ri ver subbasin, primarily in the s;l)(rlng. Dwor shak NFH
relies on adult returns to the rack for perpetuation of
production operations. Dwrshak NFH also contributes a
spring chinook salmon and summer steel head trout eggs, fry,
smolts, and adults to Cearwater R ver headwater and
tributary supplenentation efforts when surplus adults return
to the hatchery.



Concl usive quantification of steelhead returns to the
O earwater ended when Lew ston WAPD was renoved in 1972.
However, steel head escapenment estimates are available for
both hatchery and wild fish. Mller (1987) estimated that
hatchery returns to the river, including tribal and sport
harvest, has ranged from 1,988 to 37,628 adult steel head
trout during the 1972 to 1987 tine period. WId steel head
escapenent estimates to the Cearwater River are based on
adult counts over Lower G anite Damon the Snake River |ess
Snake River drainage escapenent, Cearwater River sport
fishing harvest and DNFH rack returns (Lukens 1982). Lukens
(1982) reported wild fish return estimates as high as 8,440
fish or 41.5% of the total run. WId steel head trout may
constitute as high as 60%of the total escapenment to the
Clear-water River in a given year

Anadr onous sal nonid restoration, supplenentati on and
mtigation efforts in the Clearwater River Basin are
obviously conplex. However, in this brief review we have
shown that all attenpts to restore and suppl enent natura
sal mon spawni ng have been in the headwaters of the
Cearwater and few of these efforts involved snolt
outplanting. Managenent in the | ower mai nstem Cl earwat er
R ver has revol ved around hatchery mtigation for the | oss
of North Fork steel head and Lower Snhake River Conpensation
Pl an production.

Surprisingly, there have been no efforts to restore
natural mai nstem chinook sal mon production to the |ower 70
kilometers (42 mles) of the Oearwater River, perhaps
because of the concentration of managenent efforts on the
more pristine headwaters of the basin. Likew se, there has
been little effort to docunent the use of this river reach
by rearin? juveniles produced naturally in these headwaters
or the effect of Dworshak Dam operati ons on anadr onous
sal monid habitat in the LMCR

Restoring natural spawning runs of chinook sal mon and
perpetuatln% hat chery chinook sal non and steel head trout
runs through smolt and fry releases will be instrunental in
acconpl i shing the Northwest Power PIanning Counci |l 's goal of
doubl 1 ng the existing sal non and steel head runs in the
Col unbia River system by 1992. The attainment of this goa
wi Il require a thorough know edge of the production
potential of Columbia River tributaries. Accordingly, the
Nez Perce Tribe in cooperation w th Bonneville Power
Adnministration, wll inplement measure 703(c)3 of the
Columbia River Basin Fish and Wldlife Program to assess:

1) the opportunitr to restore naturall spamnin% popul ati ons
of summer and fall chinook salnmon in the | ower earwat er

Ri ver subbasin; and 2) the feasibility outplanting chinook
sal non and steel head trout.



Thi s annual

1)

report:

Eval uates the tenperature regine of the Lower
Mai nstem C earwater River for sumer and fal

chi nook sal non spawni ng and incubation since
conpl etion of Dworshak Dam

Estimates the tine of energence of summer and fal
chinook salnmon in the Cearwater R ver based on
post - Dwor shak Dam tenperature data;

Anal yzes post-Dworshak Dam daily sumrer maxi num
tenperatures to determne their inpact on rearing
of chinook sal non and steel head trout;

Determ nes the Iikelihood of successful sumnmer and
fall chinook snoltification and outmgration to

t he Lower Snake River given the current Water
Budget and LMCR tenperature and flow regi nes since
the operation of Dworshak Dam

Anal yzes the post-Dworshak Dam flow regine to
determne its inpact on potential spawning and
regrlng in the lower mainstem O earwater River
an

Reviews the scientific literature on the water
quality, substrate, and invertebrate fauna of the
'ower mainstem Clearwater River and discusses the
rel evance of this information to restoring

mai nst em anadr onbus spawni ng and assessi ng

mai nstem rearing potenti al



STUDY AREA

The | ower mainstem Cl earwater R ver (LMCR) flows al nost
entirely within the Nez Perce Reservation (Figure 1). The
LMCR originates at the confluence of the mainstem O earwater
and the North Fork of the Clearwater River, 6.7 km (RM 4.9)
downstream from Orofino, |daho.

Lower mainstem Clearwater River discharge and
tenperature regines are largely determ ned by natural inflow
fromthe Mddle Fork, South Fork, and dam regul ated flows
fromthe North Fork of the Clearwater River. Ten mgjor
tributaries also supply the LMCR with water (Figure 1).

This report eval uates anadronous sal noni d production
potential fromthe confluence of the North Fork and mai nstem
Clearwater 70 km (42 ni) downriver to Lew ston Bridge. Sone
habitat features of the North Fork of the Cearwater R ver
bel ow Daworshak Dam are al so reviewed.

\awyers
< e,,,‘\/

Lochsa

PV

0 (hm)
-

Figure 1. Cearwater River drainage and the |ocation of
major tributaries, landmarks, and the United
States Ceol ogi cal Survey ?_agi n? stations at Peck
and Spal ding, Idaho (nodified from Kucera and
Johnson 1986).



METHODS

Assessing the Suitability of LMCR Water Tenperature for
Anadr onous Sal moni d Production

Tenperature Data Col |l ection and Anal ysis

The United States Geol ogical Survey (USGS) at Boise,
| daho provided raw tenperature data (24-h m ni num and
maxi mum wat er tenperature recorded to the nearest 0.50 °C)
fromthe Peck gaging station for the water years Cctober
1972 - August 1987 and Spal di ng gaging stations for the
water years Cctober 1972 - Septenber 1986. These data are
summari zed in several formats in this report (Appendix A
Tables Al-8). The follow ng definitions are provided for
clarification.

Average daily mninumtenperature - the average
tenperature for each day of the year cal cul ated using
the actual mnimumtenperature recorded by USGS for
that day from 1972-1986/7.

Average daily maxi num tenperature - the average
tenperature for each day of the year cal cul ated using
t he actual maxi mum tenperature recorded by USGS for
that day from 1972-1986/7.

Average nonthly mninumtenperature - the overall
mont hl'y m ni mum tenperature for the tine period from
1972-1986 cal cul ated using the average daily m ni num
t enperatures of each nonth.

Average nonthly maxi num tenperature - the overall
average nonthly maxi num tenperature for the tinme period
from 1972-1986/ 7 cal culated using the average daily
maxi num tenperatures of each nonth.

Absolute mninumtenperature - the col dest single
tenperature recorded by USGS for each nonth during the
entire time period from 1972-1986/7.

Absol ute nmaxi numtenperature - the single warnest
tenperature recorded by USGS for each nmonth during the
entire time period from 1972-1986/7.

Mnimum nonthly tenperature - the single coldest
tenperature recorded by USGS for a specific nonth of a
specific year.

Maxi mum nonthly tenperature - the single warnest
tenperature recorded by USGS for a specific nonth of a
specific year.




Separation of R ver Reaches by Tenperature

Average daily temperature values were cal cul ated for
the river at Peck and at Spal ding to conpare the annual
tenperature regimes. Data from Cctober 1972 to Septenber
1984 were used because these tine geriods shared common data

aps.. A two-sanple t-test (Zar 1984) was used to test for
gtatistical difference in the average nonthly tenperature
val ues from each gaging station

Stock Sel ection

Qut pl anting stocks of sumrer and fall chinook sal non
for tenperature assessnment were identified by review ng the
literature (Howel | et al. 1985, Bjornn 1969, Horner and
Bj ornn 1981, |Irving and Bjornn 1980). The primary criterion
governing stock selection for this report was proximty of
stock origin to the Cearwater River.

Life stage periodicity for the selected stocks was
aligned with absolute m ninum absol ute maxi num average
m nimum and average nmaxi numtenperature regi mes of the LMCR
at Peck and Spal ding, l|daho. Average daily tenperature data
for the day of the year corresponding to the tinme of peak
spawni ng for each stock reported in the literature were used
as a starting point for accruing tenperature units for
I ncubation, where:

1 degree C above 0 °C per day = 1 tenperature unit (tu)

Since tu requirenents for energence varies with
I ncubation tenperature (Lietritz and Lewis 1980, Piper et
al. 1982) water tenperature at tine of peak spawning was
identified and incubation tu requirenents were specified
accordingly.

Defining Zones of Thermal Tol erance for Chi nook Sal non and
St eel head Trout

The United States Fish and WIldlife Reference Services,
| ocated in Fort Collins, Colorado and Rockville, MNaryland
provided a list of references relevant to life stage
tenperature requirements of chinook sal mon and steel head
trout. Conputer listings provided by these services were
used to conduct a thorough review of the literature
pertaining to spawning, Incubation, rearing, novenment and
outmagration of fall and summer chinook salmon and rearing,
novenent and outm gration of spring chinook and sumer
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steel head trout. Publications that specified tolerable
tenperatures were used to define tenperature tolerance for
each species of anadromous sal nonid bei ng eval uat ed.

Water Tenperature and Fish Tol erance

Time periods identified as having high or |ow absolute
maxi mum or mni mum water tenperatures outside of the
est abli shed zones of thermal tolerance were broken down by
year to determ ne the frequency and duration of wunsuitable
tenperature occurrence. This was done by isolating the
maxi mum or mnimum nonthly tenperature recorded by the USGS
for each nonth of each year, the nunber of consecutive days
the tenperature occurred, and the corresponding daily
m ni mum or maxi num tenperature that occurred the day of the
critical tenperature.

Effects of Late Sumer Water Tenperature on Fish G owth

Juveni l e chinook salnon and steel head trout growh
during summer periods of suboptinmm water tenperatures were
eval uated by cal culating Mean Wekly Average Tenperature
(MMT) (Arnour unpublished nmanuscript) where:

MMT = O + WILT - OT
3

and: OT = a reported optimum tenperature for the particular
life stage of function.

UU LT = the upper tenperature for which tol erance does
not increase with increasing acclimation tenperatures.

When the average weekly water tenperature exceeds the MMT
calculated for a given life stage decreased growh can be
expect ed.

Successful Qutmigration from the Cd earwater
into the Upper Snake River
Gowh to critical snolt size:

Estimation of size of age-l+ juvenile sunmer and age-0
fall chinook at the critical snolting period was done using
the method of Arnour (1988) where:

Monthly gromth (mr) = Avg nonthly water tenperature - 0 °C
tu's required for 1 nmm growh




Since growth rate data was not available for sumer or
fall chinook salmon in the dearwater River, MCall Hatchery
data were used. The nunber of tenperature units required
for a sunmmer chinook juvenile to grow 1 mmwas estinated at
0.82 °C (Tom Frew, personal conmunication). Fall chinook
growm h data for fluctuating water tenperatures were not
avail able, therefore MCall data was used to estimate fall
chi nook grow h.

Summer chinook growth was not cal cul ated for the
mont hs of Decenber, January, and February, and March, since
juvenil e chinook becone dormant and hide in the gravel when
wat er tenperatures are below 5.0 °C.

Fl ows accommodating mgration:

I nformation pertaining to current \Water Budget
augnent ation obtained fromthe Fish Passage Center was used
to assess the |ikelihood of summer and fall chinook passage
by Lower Granite Dam on the Snake River. Cearwater River
D scharge at the estimated tine of fall chinook sal non
energence was also evaluated for outmgration effects.

Assessing the Suitability of Dworshak Dam and Natural Flow
on Anadronmous Sal nonid Production in the LMCR

~The United States Ceol ogi cal Survey (USGS) Boise, |daho
provided raw flow data (24-h m ni mum and maxi mum wat er
di scharge recorded to the nearest cubic foot per second)
fromthe Oofino, Peck, and Spalding gaging station for the
water years 1973 - 1987 and Spal ding gaging stations for the
wat er years 1973 - 1986.

The United States Arnmy Corps of Engineers supplied the
United States Fish and Wldlife Federal Assistance Ofice
(FAO daily Dworshak Dam Discharge Data for the time period
1981 - 1985. W obtained this data from the FAQ

Assessing the Suitability of LMCR Water Quality,
Substrate, and Invertebrate Production for
Anadr onous Sal noni d Producti on

W reviewed the literature for scientific research
previously conpleted on the LMCR A literature review on
t he habitat needs of spawning, incubating, and rearing
chinook sal non and rearing steel head trout was al so
conpleted.  This information was summarized to establish the
suitability of the LMCR for anadronous production and to
identify current research needs.
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RESULTS AND DI SCUSSI ON

Assessing the Suitability of LMCR Water Tenperature for
Anadr onous Sal noni d Producti on

Peck and Spal ding Water Tenperatures

Average daily mninmumwater tenperatures at Peck were
significantly cooler (alpha = 0.05) than average m ni mum
wat er tenperature at Spalding gTabIe 1). Average nmaxi mum
daily water tenperatures cal culated from Peck and Spal di ng
gagi n? station data were not statistically different at the
0.05 level of significance. However, Peck maximum daily
terr[)erat ures are significantly cooler than Spal ding maxi num
daily tenperatures at the 0.10 |level of significance (Table
1) 1

Table 1. Conparison of average m ni num and maxi num weekly
wat er tenperatures (°C) from Cctober 1972 -
Septenber 1984 at United States Geol ogi cal Survey
gagi ng stations at Peck and Spal ding on the
Cearwater River, IDusing a two sanple t-test.

.. Mean ~ Mean
m ni rum t enperature maxi mum t enper at ur e
Peck vs Spal ding p-value Peck vs Spal ding p-val ue

8.1<8.7 0. 02<p<Q. OB 9.1 < 9.7  0.10>p>0.05

Average daily Peck water tenperatures are not
consistently cooler than Spalding tenperatures. Beginning
the third week of Decenber through |ate January to early
February the tenperature regine at Peck is warnmer than that
of Spalding (Figures 2 and 3). This trend reverses after
early February and Spal ding waters remai n warner through
spring, sumrer, and fall (Figures 2 and 3).

CGordon et al. (1970) predicted that Dworshak Dam
operation would warmthe LMCR winter flows and cool the LMCR
during summer. Later studies confirmed this tenperature
alteration (Ball and Cannon 1974, Ball and Pettit 1974,
Pettit 1976, Brusven and Haber 1981). Pettit (1976)
reported warnmer w nter tenperatures and col der sunmer
t enperatures in upper reaches of the LMCR than | ower
reaches. He suggested that the nagnitude of such
tenperature alterati on depends on the vol ume of discharge
from the dam

11
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Figure 3.

wat er tenperatures calculated using data recorded by the
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Dai |y average |ower mainstem O earwater River maxinum
wat er tenperatures calculated using data recorded by the
United States Ceol ogical Survey, at Peck and Spal ding
gaging stations Cctober 1972 - Septenber 1984.
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Qur analysis of LMCR water tenperatures at Peck and
Spal di ng gagi ng stations confirnms perpetuation of warner
wi nter water and col der summer tenperatures through 1984.
Al'so, the difference in water tenperature between an upriver
site (Peck) and a down river site (Spalding) is concurrent
with the tenperature difference reported by Pettit (1976).
However, a conclusive description of the relationship
bet ween Dwor shak Dam di scharge and the LMCR tenperature
Reginme is unavailable. The ability to predict the effect of
various Dworshak Dam di scharge vol unes on downriver water
tenperatures would be a val uabl e nmanagenent tool.

Stock Sel ection

The life cycles of Rapid River, South Fork Sal non
River, Upper Salnon River, and Upper Col unbia River summer
chi nook and Bonneville Upriver Bright, Deschutes R ver, John
Day, Umatilla, G ande Ronde River, Upriver Bright, and Snake
River fall chinook were reviewed during our research. South
Fork Sal mon River summer and Snake River Fall chinook sal non
stocks (Table 2) were chosen to assess LMCR wat er
tenperature suitability based on the proximty of stock
origin to our study area.

Late August spawni ng summer chi nook and m d- Novenber
spawni ng fall chinook emergence requirenents were estimted
as 600 and 1,000 tu respectively (Table 2).

Table 2. Life stage periodicity and tenperature unit
requi rements for egg 1 ncubation of South Fork
Sal mon River Summer and Snake River fall Chinook
as reported by Howel|l et al. 1985.

_ _ Tenperature Cur ati on
Race Stagin Spawni ng units for of freshwater
perio peri od i ncubation resi dence
(°0) (size nm)
Late June Late August Snel t during
Sunmer to to 600 second year
Md-July  m d-Sept enber of life
(102-127)
August Late Cctober Snol t during
Fal | t hr ough t hr ough 1, 000 first year
Sept enber Novenber of life
(70-80)*

*I'nformati on based on Lyons Ferry Hatchery fall chinook
13



Zones of Thernmal Tol erance for Chi nook
Sal nron and Steel head Trout

Piper et al. (1982) reported that chinook sal mon spawn
successfully at 0.6 °C.  No information was given pertaining
to frequency or duration chinook can tolerate such a | ow
water tenperature. Coutant (1970) acclimated jack chi nook
salmon 3-d at 17.0 °C then raised the water tenperature to
22.0 °C.  Coutant proposed that the incipient |etha
tenperature of adult chinook salnmon is between 21.0 and 22.0
°C based on the finding that nine of fourteen fish died
after exposure for 7-d.

Results fromlaboratory studies were used to establish
the upper and | ower tenperatures tol erated by incubating
chi nook eggs. Experinments done by Conbs (1965) were used to
establish mininmum tolerable tenperature. This researcher
showed that chi nook eg%f I ncubated at 5.8 °C for 6-d
tolerated 1.7 °C for the duration of incubation with |osses
of approximtely 10% nortality. Research done on Pri est
Rapi ds mai nstem spawni ng fall chinook by O son and Foster
(1965) was used to identify an upper tenperature tolerated
by incubating chinook eggs. Results indicated that eggs
coul d begin Incubation at 16.1 °C w thout significant
mortality.

Experi ments on Young chi nook sal non were used to
establish the lower limts of tenperature tolerance for
juveniles (Brett 1952). Results from this study, indicated
that 47.0 nm chinook fry reared in 10 °C water suffered |ess
than 50% nortality upon exposure to water tenperatures
approximtely 0.8 °C. The sane study docunented upper
tolerable tenperature limts. Al young chinook acclinated
to 10.0 °C water exposed to 25.1 °C water died within 7-d.

A simlar strategy was used to define tenperatures
tolerated by rearing juvenile steelhead trout. Bell in
Bj ornn and Rei ser (unpublished manuscript) identified | ower
and upper tolerable tenperatures as 0.0 °C and 23.9 °C
respectively. No acclimtion periods or exposure durations
were given

Information from these studies (Table 3) was conpiled
to define a zone of thermal tolerance for chinook sal non
from staging through early rearing (Figure 4) and for pre-
snmolt chinook sal non and steel head trout during |ate sunmmer
rearing (Figures 5 and 6).

14
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Table 3. Maxinum and mninum tol erable water tenperatures
(°C) defined by the literature for eggs/pre-
emergent fry, pre-snolt juveniles and adult
chi nook sal mon and pre-snolt steel head trout.

Speci es Life stage

Tol erabl e tenperature

maxi num m ni mum
(citation) (citation)
Chi nook
eggs/sac fry 16.1
(Ason & Foster 1955) (Conbs 1965)
pre-snol t 25.1
(Brett 1952) (Brett 1952)
adul t 21.0-22.0 .
(Coutant 1970) (Piper et al 1982)
St eel head
pre-snol t 23. 9* 2. 0*
(Bel | 1984) (Bel | 1984)

*Cited in Bornn and Rei ser

(unpubli shed manuscript).
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Suitability of LMCR Water Tenperatures for Natural
Production of South Fork Sal nbon Ri ver Summer Chi nook

Zones of thernal tolerance adjusted for the life cycle
of South Fork Sal mon River summer chinook sal mon then
superinposed over the annual tenperature regine of the LMCR
i ndi cate that average maxi mum and m ni num wat er tenperatures
of the LMCR fall well within tenperatures tolerated by
chi nook sal non and the 600 tu required for fry energence
woul d be avail able at Peck from Novenber 8-16 and at
Spal ding from Novenber 5-12 (Figures 7 and 8)(Appendix A
Tables Al -4).

Not ably, absolute water tenperatures at Peck and
Spal di ng exceed the upper incipient |ethal tenperature of
adul t chi nook sal non (Coutant 1970) during July and August
(Figure 7 and 8). Early egg incubation may be threatened by
absol ute maxi mum tenperatures between Septenber and Cctober
Absol ute m nimum water tenperatures fall below the | ower
incipient lethal tenperatures of incubating chinook eggs
(Comps 1965) from Novenber through February (Figure 7 and

).

W exam ned USGS data from Peck gaging station and
found that during sumer chinook staging, spawning and egg
I ncubation periods lethal tenperatures occurred infrequently
and rarely tor 24 consecutive hours (Appendix B, Tables B1l-

5).

Absol ute mnimumtenperatures were identified in Figure
7 during Decenber, January, and February that may influence
emerging fry survival (< 0.8 0oC). Decenber nonthly m ni mum
tenperatures below 0.8 °C occurred in 1972, 1975, and 1977,
but never for an entire 24-h period (Appendix B, Table B6).
During January nonthly m ni numtenperatures were recorded
bel ow 0.8 °C seven of fourteen years, but remained this |ow
for 24-h only twce (A?pendix B, Table. B7). February
tenperature were poor for rearing six of the fifteen years
water tenperature data since Dworshak Dam operation. The
| ongest time that water tenperature remained below 0.0 °C
was 3 consecutive days in 1979 (Appendix B, Table B8).
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We scrutinized USGS water tenperature data form
Spal ding and found that tenperatures |ethal to chinook
sal ron adults and eggs occurred infrequently and rarely for
24 consecutive hours ( Appendix B, Tables 59-13).

Decenber, January, and February nmonthly m ni num
tenperatures at Spal ding may affect overwi nter juvenile
sumrer chi nook survival. Decenber mninmmtenperature and
correspondi ng maxi numdaily tenperature remai ned bel ow 0.8
°Cin 1972, but not for 24-h (Appendix B, Table Bl4).

During January six of fourteen years had suboptimal nonthly
m ni mum tenperatures. In 1979 these tenperatures persisted
for 11 consecutive days (Appendix B, Table B15). February
monthly mninum tenperature fell below 0.8 °C three years
from 1973-1986, but never for 24 consecutive hours (Appendix
B, Table B16).

Rel evance of Water Tenperature Data to Natural Sunmer
Chi nook Sal mon Spawni ng, Incubation, and Early Rearing

Post poned upstream m grati on and del ayed spawni ng and
potential nortality are the nost apparent consequences of
excessively high water tenperatures concurrent to chinook
spawning runs. Upstream m gration can be halted by water
tenperatures greater than 20.0 °C (Stabler et al. 1976
Rei ser and Bjornn 1979). Chinook sal mon have been known to
spawn at tenperatures as high as 24.9 °C, but prefer
tenperatures ranging from7.2-12.7 °C (Piper at al. 1982).

Qur analysis indicates that LMCR tenperatures at Peck
and Spal ding could delay or prohibit staging in early
August.  Spawni ng may be del ayed proportionately to staging
or conmence upon fish arrival. Tenperatures during |late
August/early Septenber when sumer chinook woul d presunedly
be spawning, offer no direct threat to adult fish or
Sspawni ng success.

Unsuitabl e water tenperature during early incubation
could directly affect egg survival. A studK cited by Conbs
and Burrows (1957) docunented significant chinook egg
nortality attributable to an early incubation tenperature of
15.5 °C .  Conversely, QO son and Foster (1965) referred to a
report of successful WIllanmette River chinook incubation
starting at water tenperatures as high as 18.0 °C

Applying this information to LMCR maxi mum and m ni mum
tenperatures available for incubation at Peck and Spal di ng
is conplicated, but in general it appears that in sone years
absol ute maxi mum Septenber tenperatures (16.5-19.0 °C) could
reduce egg survival through early incubation. Critica
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November m ni num tenperatures (Figure 7) occurred
infrequently and were of short duration and probably woul d

not affect I1ncubation through emergence.

Little witten information was found to docunment the
behavior of early winter emerging chinook salnon. However
st udi es done on young chi nook aPProaching age-1 may provi de
a better understanding of the effects of dropping water
tenperatures on chinook fry behavior. Young chi nook rearing
in small tributaries of Idaho during sunmer often mgrate
downstreamto overwinter in larger rivers (Chapman and
Bjornn 1969). Mller (1969) exam ned this behavior in
artificial channels and found that of the variables he
tested water tenperatures evoked the strongest mgratory
response. This response was nost notable as
tenperatures decreased to 4.4 °C, then it ceased at 1.7 °C
When tenperature decreases below 5.5-4.4 °C chinook sal non
fry often smwmminto the gravel or under |large rocks to
overw nter (Chapman and Bjornn 1969).

This information can be used to assess survival of
sumer chinook sal mon should they emerge in the LMCR in md-
Novenber as estimated. Novenber average tenperatures of
5.9-6.6 °C (Appendix A Tables Al-4) are suitable for
emergence and early rearing and m ni rum Novenber
tenperatures detrimental to young chi nook sal mon occur
infrequently and for short tine periods. As average
tenperatures decline to 4.4-3.8 C_in Decenber, fry night
start downriver migration acconpanied by winter-hiding in
the substrate. Existence of winter cover in downriver
reaches of the LMCR woul d be essential to fry survival
through critical January and February m ninum tenperatures.
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Suitability of LMCR Water Tenperature for Natural Production
of Snake River Fall Chinook Sal non

Zones of thermal tolerance adjusted for the life cycle
of Snake River fall chinook sal non then superinposed over
t he annual tenperature reginme of the LMCR I ndicate that
average maxi mum and m ni num water tenperatures fall well
within tenperatures tolerated by these fish (Figures 9 and
10) and the 1,000 tu required for fry energence woul d be
avai lable from May 25 to June 12 at Peck and from May 17 to
May 30 at Spal ding (Appendix A, Tables A5-8).

Not ably, absol ute maxi mumtenperatures at Peck and
Spal di ng exceeded the upper incipient |ethal tenperature of
adult chinook salnmon during August (Figures 9 and 10).
Tenperatures have periodically occurred that are subopti nal
for early incubation of chinook eggs during Novenber,
Decenber, January and February (Figure 9 and 10). Absolute
maxi mum t enperatures in June have been above the tenperature
tolerated by incubating chinook eggs (Figure 9 and 10).

Scrutinization of USGS data from Peck indicates that
adult fall chinook staging may be affected by |ate sumer
maxi mum tenperatures in excess of 22.0 °C.  August maxi mum
tenperatures attained 22 °C twice in fourteen years and
tenperatures dropped below 21.0 °C during both days
(Appendi x B, Table B2). Monthly August maxi num tenperature
around 20 °C are common (Appendix B, Table B2).

Novenber, Decenber, January, and February were
identified as having absol ute m ni mrum water tenperatures
(1.7 °C that could reduce egg survival through incubation
at Peck. Novenber tenperatures were near 0.0 °C for one 24-
h period in 1977 (Appendix B, Table B5). During Decenber
the mnimum nonthly tenperature was below 1.7 °C eight of
fourteen years of record. And 24-h water tenperature stayed
below 1.7 °C for 2-d in 1972, and I-d in 1985 (Appendix B
Table B6). January mnimum tenperatures fell below 1.7 °C
12 of 14 years, remaining suboptimal for 17-d tota
(Appendi x B, Table B7). The |ongest that water tenperature
stayed below 1.7 °C was two consecutive 24-h periods
(Appendi x B, Table B7). Ten of fourteen February nonthly
m ni num tenperatures were below 1.7 °C (Appendix B, Table
B8). During 1979, the water tenperature remained at 0.0 °C
for four consecutive days (Appendix B, Table B8).
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The nonths of May and June were identified as having
absol ut e maxi num tenperatures capable of killing eggs
(Figure 9). However, there were no tenperatures recorded by
USGS during May (Appendix B, Table B17) in excess of 16.1 °C
indicating that June tenperatures were responsible for the
pattern seen in Figure 9. During four of fourteen years
USGS recorded June tenperatures greater than 16.1 °C

pendix B, Table B18). Al June maxi mum tenperatures,
i ncluding the absolute maxi mum of 23 °C recorded in 1987
fall in the last week of June (Appendix A, Table A5)

Exam nation of USGS data indicates that adult fal
chinook staging may be affected at Spal ding since two of
fourteen August naxi mum t enperatures have been recorded in
excess of 22.0 °C (Appendix B, Table B10). The tenperatures
dropped during the day in both cases. August tenperatures
in excess of 20.0 °C are conmmon near Spal ding (Appendi x B,
Tabl e B10).

Novenber, Decenber, January, and February were
identified as having absolute m ni mrum water tenperatures
that could reduce survival through incubation (cl.7 °C).
Three of fourteen Novenber m nimum water tenperatures were
below 1.7 °C since 1972, but the tenperatures renmained this
low for 24-h only once (Appendix B, Table B13). Decenber
daily mninmum tenperatures remained below 1.7 °C for 2-d in
1972, 3-d in 1976 and 3-d in 1981 (Appendix B, Table Bl4).
January mninum renained below 1.7 °C for 8, 11, 2, and 2
consecutive days in 1973,1979, 1982, 1984, and 1986
respectively. In 1973, 1977, 1979, and 1980 daily m ni num
tenperature hovered near 0.0 °C (Appendix B, Table B15).
February m ni mnum t enperatures have been subopti mal for
incubation three of fourteen years tenperature data has been
avai | abl e. The | east favorable conditions occurred in 1981
while water tenperature was 1.5 °C for four consecutive days
(Appendi x B, Table B16).

May and June absol ute naxinun1tenPeratures at Spal di ng
were identified as having the potential of reducing egg
survival during late incubation (Figure 10). There were no
May tenperatures in excess of 16.1 C (Appendix B, Table
B19) indicating June tenperatures were responsi ble for the
pattern seen in Figure 10. Seven of fourteen June maxi num
tenperatures attained 16.1 °C (Appendix B, Table B20).
However, these tenperatures occurred in the end of June
after estimated fry energence (Appendix A, Tables A7 and 8).
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Rel evance of Water Tenperature Data to Natural Fall Chinook
Sal non Spawni ng and | ncubati on

The high August water tenperatures present since 1972
coul d delay fall chinook mgration fromthe Snake River into
the LMCR ~The significance of a mgration delay would be
m nor since Snake River Fall chinook could access the LMCR
by Septenber and do not spawn until |ate Cctober through
Novenber (Howell et al. 1985). Tenperatures during the
| ater part of COctober through at |east m d- Novenber woul d
accommodat e chi nook spawning. However, excessively cold
wat er tenperature during |ate Decenber, January, and
February could reduce incubation success.

Ext ended periods of cold water during incubation can
threaten egg survival by causin%sfornatiqn of frazil
anchor, and intra-gravel ice. t udies cited by Reiser and
Wesche 51979) exam ned the environnmental requirenents
believed to cause underwater ice formation. \ater
tenperatures below 0 °C were discussed as P055|ble pre-

requisites to frazil ice formation. Frazil ice consists of
smal | ice crystals floating in the water colum. Aggregates
of frazil ice adhere to the substrate to form anchor ice.

Anchor ice can inpede water flow into the substrate and kill
i ncubating eggs (Reiser and Bjornn 1979).

Under conditions of low intra-gravel water velocity,
water flow ng through gravel interstices can freeze solid
formng intra-gravel ice. Reiser and Wesche (1979)
docunented conplete nortality in three brown trout (Salno
trutta) redds as a result of intra-gravel freezing.

I nformation concerning underwater ice formation is
rel evant to our research on the LMCR because extended
periods of 0 °C tenperatures have occurred even under the
I nfl uence of Dworshak Dam effluent. However, we have not
found any docunentation of anchor ice formng in potentia
spawni ng areas on the LMCR since 1972. Nonethel ess, cold
wat er periods identified in this analysis could potentially
reduce chinook survival to energence in sone years, but this
situation is comon in Pacific Northwest streanms and sal non
stocks seemto overcome it.
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Suitabilitﬁ of LMCR Summer Maxi mum Water Tenper at ur es
for Chinook Sal non and Steel head Trout Rearing

Post Dworshak Dam summer daily maxi mum wat er
tenperatures were anal yzed to determne their inpact on
chi nook sal mon and steel head trout summer rearing in the
LMCR.  Direct lethality and indirect effects on juvenile
growth were exam ned

Chinook lethality:

Absol ute maxi num sunmer water tenperatures at Peck and
Spal ding did not exceed the upper incipient |ethal
tenperature for pre-snolt chinook sal mon given by Brett
(1952) (Figures 11 and 12) from 1972-1987. However, average
maxi mum sunmer water tenperatures at Peck and Spal ding were
2-5 °C warner than the optinmm tenperatures for chinook
juvenile production reported in the literature (Brett 1952)
(Figures 9 and 10).

Steelhead lethality:

Absol ute maxi mum sumer water tenperatures at Peck were
below the 23.9 °C UF er level tolerated by juvenile
steelhead trout (Bell in Bjornn and Rei ser unpublished
manuscript) and average summer water tenperatures are 2-3 °C
war ner than optinumtenperatures for juvenile steel head
production (Figure 13). During August absolute tenperatures
at Spal di ng exceeded the upper incipient |ethal tenperature
of steelhead trout used in our analysis (Figure 14) |-d in
fourteen years (Appendix B, Table Bl10). Average summer
tenperatures are 2-4 °C in excess of optinumrearing
tenperatures (Bell in Bjornn and Rei ser unpublished
manuscript) (Figure 12).
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Chi nook sal non and steel head trout grow h:

Average weekly water tenperatures at Peck exceeded the
MMT for chinook sal non during the |ast week of July and the
first two weeks of August (Tables 4 and 5). The T
cal cul ated for steel head trout was attai ned or exceeded the
last two weeks of July and all of August (Tables 4 and 5).

Averaﬁe weekly tenperatures at Spal di ng exceeded the
MMT for chinook salnon the |ast two weeks of July and first
three weeks in August (Tables 6 and 7). The MAT for

steel head trout was attai ned or exceeded throughout July and
August (Tables 6 and 7).

Table 4. July average weekly tenperatures cal cul ated using
USGS data from Peck gaging station, O earwater
River, ldaho and Maximum Weekly Average
Tenperature (MMT) not to be exceeded for optinmm
chinook salnon and steel head trout grow h.

Week Aver age weekly tenperature Chi nook St eel head
mni mum  maximum  average MAAT MAAT
1 13.8 15.2 14.5 17.0 15.6
2 14. 4 16.2 15.3 17.0 15.6
3 15.7 16.9 16. 1 17.0 15.6
4 16.2 18.2 17.2 17.0 15.6
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Tabl e 5.

August average weekly tenperatures cal cul at ed
using USGS data from Peck gaging station,

O earwater River, ldaho and Maxi num Wekly Average
Tenperature (MMT) not to be exceeded for optinmum
chinook salnmon and steel head trout grow h.

Week  Average weekly tenperature Chi nook St eel head
m nimum  nmaxi num  average MAAT MAMT
1 16. 7 18. 8 17.8 17.0 15.6
2 16.5 18.5 17.5 17.0 15.6
3 15.2 17. 4 16. 3 17.0 15.6
4 14. 7 16.5 15.6 17.0 15.6
Table 6. July average vveekl?/ t enperatures cal cul ated using
USGS data from Spal di nE gagi ng station, Cearwater
River, and Maxi mum Weekly Average Tenperature
(MMT) not to be exceeded for optinmum chi nook
sal mon and steel head trout growh.
Week  Average weekly tenperature Chi nook St eel head
m ni num  maxi num  average MAAT MAAT
1 14.9 16. 4 15.7 17.0 15.6
2 15.2 17.5 16. 4 17.0 15.6
3 16.0 18.6 17.3 17.0 15.6
4 17.1 19.7 18. 4 17.0 15.6
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Table 7. August average weekly tenperatures cal cul ated
using USGS data from Spal ding gaging station
Clear-water River, ldaho and Maxi num Wekly Average
Tenperature (MMT) not to be exceeded for optinmm
chinook salnmon and steel head trout growh.

Week  Average weekly tenperature Chi nook St eel head
m ni rum  naxi mum  aver age MAAT MAAT
1 17.7 19.7 18. 7 17.0 15.6
2 17.4 19. 4 18. 4 17.0 15.6
3 16. 2 18. 4 17.3 17.0 15.6
4 15.6 17.7 16. 7 17.0 15.6

Rel evance of LMCR Sunmmer Water Tenperatures to Anadronous
Sal monid Rearing

Water tenperatures are not always optimumin even the
nmost productive salnon and steel head trout rivers. Sumrer
wat er tenperatures within the Hanford Reach of the Col unbia
Ri ver exceed 20 °C, yet this stretch of water produces
vi abl e chinook salnmon runs (Becker 1970). Kucera (persona
communi cati on) observed steel head rearing in C earwater
River tributaries with tenperatures as high as 26.0 °C
Juveni | e anadronous sal noni ds can obvi ously rear
successfully in suboptimumwater tenperatures, as long as
these tenperatures are within a suitable range.

The average maxi num summer water tenperatures at Peck
and Spal di ng gaging stations are suitable for chinook sal non
and steelhead trout rearing. Prelimnary analysis shows
that absolute sunmer water tenperatures are rarely high
enough to be directly lethal to rearing juveniles. Indirect
effects of suboptimumrearing tenperatures such as increased
di sease susceptibility, increased susceptibility to
predation, and decreased growh rates may influence rearing
Luvenlle survival. Disease and predation effects could not

e quantified, however we did approximate growh effects.
Gowh effects mght occur fromlate July through August in
the LMCR  Brett 1n Arnour (unpublished nmanuscript)
docunented subl ethal stress in spring chinook sal non reared
at 18.5 °C.  These fish grew 20% |less than fish reared in an
opti num tenperature near 14.8 °C. Perhaps, less than
opti mum chi nook sal non and steel head grow h nay be expected
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inthe LMCRif food is not plentiful enough to neet
i ncreased netabolic needs associated with warnmer water
t enper at ur es.

Successful Qutmgration fromthe Cearwater into the Upper
Snake River

Critical fish size at the time of the April 15 - June
15 Water Budget was identified as the nost inportant factor
i nfluencing sunmmer chinook snoltification

Successful fall chinook outm gration fromthe
C earwater into the Snake River and past Lower Ganite Dam
was eval uated on the basis of critical fish size required
for snoltification relative to the timng of the April 15 -
June 15 Water Budget and O earwater River discharge at the
time of energence.

Gowh to critical snolt size:

Gowh estimate cal cul ations for summer chi nook sal non
indicate that juveniles would approach smolt size (102-127
m) by the end of Septenber through April and by the end of
August through Septenber at Peck and Spal di ng respectively
(Tables 8 and 9).

~ Gowh estimate calculations for fall chinook sal non
indicate that juveniles would approach snmolt size &70-80 mm
by the end of August through Septenber at both Peck and

Spal ding (Tables 10 and 11).
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Table 8. Use of nonthly tenperature data from Peck to
estimate juvenile South Fork Sal mon R ver sumer
chi nook size based on the fact that summer chinook
reared at McCall Hatchery required 0.82 MU s for
1 mllimeter growth in 3.0 - 12.6 °C water.

Aver age End
Mont h mont hly Gowh (mm of nonth
tenperature size (nMM
Novenber 6.3 7.7 23. 4*
Decenber 4.1 _ 23. 4
January 2.8 . 23.4
February 2.9 o 23. 4
Mar ch 4.7 L 23. 4
Apri | 6.6 8.0 31.4
May 8.3 10.1 41. 6
June 11.6 14.1 55.7
July 15.9 19.4 75.1
August 16. 6 20.2 95.4
Sept enber 13.3 16. 2 111.6
Cct ober 10.1 12.3 123.9
Novenber 6.3 7.7 131.6
Decenber 4.1 L 131.6
January 2.8 - 131.6
February 2.9 - 131.6
Mar ch 4.6 . 131.6
Apri | 6.6 8.0 139.6

*Based on swmup fry size of 20 nm
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Table 9. Use of nonthly tenperature data from spalding to
Chi ook s\ 76 based on the Fact Ihat sunmer M nook
reared at McCall Hatchery required 0.82 MUs for
1 mllimeter growth in 3.0 - 12.6 °C water.

Mont h 'A\\r/rgrn{{1 (Iay Gowh (M) of E?rgnth
tenperature size (mm
Novenber 6.2 7.6 23. 4*
Decenber 3.8 L 23. 4
January 2.5 _ 23. 4
February 3.5 _ 23. 4
Mar ch 5.6 6.8 30. 2
Apri | 7.8 9.5 39.7
May 9.6 11.7 51. 4
June 12.8 15.6 67.1
July 17.1 20.9 87.9
August 17.6 21. 6 109.5
Sept enber 14.0 17.1 126. 6
Cct ober 10. 6 12.9 139.5
Novenber 6.2 7.6 147.1
Decenber 4.0 _ 147.1
January 2.5 L 147.1
February 3.7 _ 147.1
Mar ch 5.6 6.8 153.9
Apri | 7.8 9.5 163. 4

*Based on swimup fry size of 20 nm
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Table 10. Use of nonthly tenperature data from Peck to
estimate juvenile Snake River fall chinook size
based on the fact that summer chinook reared at
McCal | Hatchery required 0.82 MIUs for 1
mllimeter growth in 3.0 - 12.6 °C water.

Aver age End
Mont h mont hly Gowh (mm of month
tenperature size (nm
June 11.6 14.1 34.1
July 15.9 19. 4 53.5
August 16. 6 20. 2 73.7
Sept enber 13.3 16. 2 89.9

*Based on swmup fry size of 20 nm

Table 11. Use of nonthly tenperature data from Spalding to
estimate juvenile Snake River fall chinook size
based on the fact that summrer chinook reared at
McCal | Hatchery required 0.82 MIUs for 1
mllimeter growth in 3.0 - 12.6 °C water.

Averaﬁe End
Mont h mont hly Gowh (nm of month
tenperature size (mm
June 12. 8 15.6 35.06
July 17.1 20.9 56.5
August 17.7 21.6 78.1
Sept enber 14.0 17.1 95.2
*Based on swmmup fry size of 20 mm
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Current Water Budget timing and chinook salmon passage:

Based on the current Water Budget chi nook sal non snolt
passage during 1986-87 has occurred at Lower Ganite Dam
from approximately early April through the end of June,
peaki ng about the first week of May (DeHart and Karr
1987) (Figure 15).

Chinoaok

(i)

Cumulative Passage Index

1/1 4/18 S/1 5/18 S5/31 8/183 /30

Figure 15. Cumul ative passage indices at Lower Granite Dam
1985, 1986, 1987 (Dehart and Karr 1987).

Clearwater River D scharge at the tine of fall chinook
emer gence

Fal | chi nook sal non woul d probably energe fromthe

gravel based on tenperature, concurrent to Clearwater River
pegk %Fnual di scharge at both Peck and Spal ding (Figures 16
and 17).
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Rel evance of Estimated Smolt Size and the Water Budget to
Successful Qutm gration of Summer and Fal |l Chi nook Sal non
from the LMCR

Sumrer chi nook sal non:

An inmportant fact to consider when assessing the
chances of successful summrer chinook sal non outm gration
past Lower Granite Dam 1is that growh rates were probably
overestimated in this analysis. Gowh rate estimtes were
based on optinum tenperatures and feedi ng conditions at
McCal | Hatchery, but LMCR tenperatures during July and
August (Tables 4-7) and food availability in the river, are
ﬁrobably_less than optimum W contend that early life

istory information for naturally produced sunmer chi nook
salnon fry in the LMCRis needed to estimate snoltification
timng in relation to Water Budget inplenentation

Fal | chi nook sal non:

We were unable to conclusively docunment whether age-0
fall chinook sal non begin active mgration downriver
imedi ately after energence or if they rear in the vicinity
of energence until they attain critical smolt size. |If age-
0 fall chinook begin downstream mgration i medi ately after
| eaving the gravel, peak O earwater R ver discharge woul d
accommodat e this novenent and successful outmgration past
Lower Ganite Dam woul d depend on the ability of the snal
fish to survive spilling, turbine passage, and snolt
trapping. On the other hand, if fall chinook do not begin
outmgration until they snolt, our prelimnary analysis
i ndi cates that the md-Mwy to June energence of fall chinook
sal non may cause snoltification problens related to fish
size. Newy energed fall chinook sal non (approximately 20

may not attain the critical size (approximately 70-80

for smoltification until late sumrer or early fall
snmolts mgrating throu?h the Colunbia R ver systemin the
fall without the aid of the Water Budget would face | ow
river velocities and warm water tenperatures. Cbnseguently,
fall mgrating snolts would experience increased predation
and di sease susceptibility, and mght revert to parr before
reaching the Colunbia R ver estuary;, a comon problem faced
by nost Colunbia R ver anadronous fish
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Potential Inpacts of LMCR Fl ows on Anadronous Sal nonid
Producti on

Pre- and Post |npoundnment D scharge

Prior to Dworshak Dam operation (1911-13 and 1926-1973)
Mai nst em di schar ge peaked at about 50,000 CFS in My
receding to about 4,000 CFS in Septenber 6F| gure 18). _
Annual maxi mum aver age di scharge of 35,000 CFS now occurs in
June and a mni mum di scharge of approximately 4,800 CFS
occurs in Cctober (Figure 19).

Regul at ed and Unregul ated Fl ows

Dwor shak Dam stores North Fork O earwater River spring
run-of f and redistributes it throughout historically |ow
fl ow periods. Conse_quentl?/, post - proj ect Lower Mainstem
flows exceed pre-project flows for alnmost 75% of the year
(Brusven and Trihey 1978).

Average daily dam discharge is released to approximate
natural unregul ated mainstem discharge (Figure 19).
However, sone deviations are present. Lower mainstem
C earwater River discharge at Peck and Spal di ng during
Septenber, m d-Novenber through m d-Decenber, and a few
I sol ated days throughout the year, is noticeably different
than unregulated flow at Orofino. These periods of
increased flows are preplanned effects of Dworshak Dam fl ood
control. Seven hundred thousand acre feet of storage space
is created during Septenber and m d-Novenber through m d-
Decenber, through reservoir pool elevation regulation (U S.
Arny Corps of Engineers 1986). Additional reservoir
regulation is done to provide for unforseen power or flood
control after January 1 (U S. Arnmy Corps of Engineers 1986).

D scharge Fluctuation During 24-h Tinme Periods

Dwor shak Dam di scharge fluctuation during 24-h tine
periods (12 a.m - 12 p.m) occur on nost days of a given
month (Appendix C, Figures O-12). The magnitude of these
fluctuations is governed by flood control, power production,
fish and wildlife needs, and recreation. Steel head
fisherman are accommopdat ed during the nonth of Cctober
t hrough Novenber 15 (Appendix C, Figures d and 2) by
avoi ding discharges that exceed 40% of the previous seven
day average release (U S. Arny Corps of Engineers 1986).
Simlar considerations are given during February 15 to April
15 (Appendix C, Figures C5-7) for spring steel head runs and
from md-June to md-July (Appendix C, Figures C9 and 10)
for Bass spawning (U S. Arny Corps of Engineers 1986).
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Conversely, Decenber, late April, early May, and md to
| ate September North Fork flows can vary as much as 6 KCFS
in one day (Appendix C Figures C3, C7, C8, and Cl12).

Rel evance of Annual and Daily Flow Fluctuations to
Anadr onous Fi sh Production in the LMCR

Riverflow fluctuation fron1hydropomer production can
affect river productivity, hydraulics, sedinment and organic
material deposition, water quality and tenperature (Cushman
1985). Changes in these environnental conponents can affect
sal monid spawni ng, incubation, and rearing habitat.

An aut hor quoted by Bjornn and Rei ser (unpublished
manuscri pt) Sﬁeculated that the quantity of spawni ng habit at
increases with flow until water velocity becomes
prohibitive. On the other hand, and abrupt decrease in flow
during spawning can force salnon off of a developing redd.
Chapman et al. (1986) concluded that daily 8-h mninmmflows
over Vernita bar did not stop fall chinook sal non from
conpleting redds during the subsequent 16-h flow increase.
Apparently, spawning salnon can dig redds if daily maxi mum
flows do not create unsuitable velocities and daily m ninmm
flows are exceeded | ong enough to provide sal non access to
the gravel

Dewat eri ng of post spawn redds was once believed to
cause conplete nortality 1n incubating sal nonid eggs and
pre-emergent fry (Reiser and Wite 1983). Contrastingly,

Rei ser and Wiite (1981 and 1983) dewatered spring chinook
sal non and steel head trout redds |-5 weeks and found that
the eggs and fry of both species developed normally if

sedi nent noisture content stayed above 4% by sedi nent wei ght
and redd tenperatures renmained nonlethal. Decker-Hess and
G ancy (1984) also found that kokanee sal non egg fry
survival in dewatered redds to the eyed stage was
tenperature and redd noisture content related. These

Bi ol ogists reported reduced enbryonic survival from 87%
before dewatering to 24% after dewatering concurrent to -
10°C air tenperature. Survival in one dewatered redd study
area was 99%  Decker-Hess and O ancy specul ated that ground
wat er wetting during dewatered periods influenced survival
fromredds in this study area.

The duration and magni tude of tenperature and noisture
content change in a dewatered redd nmay al so influence egg
and pre-emergent fry survival. Neitzel and Becker (1985)
tested four i1 ntragravel devel opnment phases of chinook sal non
for tolerance of heat and cold shock, and humdity changes.
This study indicated that enbryos are capable of surviving a
change from 10°C to 26.5°C for at least 2-h. Al
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devel opnent al phases tested were tol erant of coldshock if
freezing did not occur. Neitzel and Becker (1985) also
found that chinook fry nortality to energence increased
significantly as relative humdity decreased from 100° to
50 in a dewatered redd.

Life stage, oxygen concentration and apparent water
velocity (flow by volune per unit time through a given area
of gravel) may al so influence egg and al evin survival in
dewat ered redds. Becker et al. %1982) tested four
devel opnent al %hases of chinook salnmon to daily dewaterings
from12 to 16-h and found e%% phases nore tol erant than
alevins. A derice et al. (1958) found that during early
i ncubation Pacific salnon eggs require at least 1 p.p.m of
di ssol ved oxygen and 7 p.p.m as hatching approaches.
Research has shown that apparent water velocity and
di ssol ved oxygen interact. Coble (1961) theorized that
aﬁparent velocity functioned mainly to transport oxygen

Ile Silver et al. 1963 felt that" oxygen transfer to the
enPryp through the chorion is also affected by water
velocity.

Water |evel fluctuation subsequent to energence affects
fry survival by dewatering shoreline areas and strandi ng
j uveni |l es. Becker et al. (1981) discussed the dependence of
stranding on the timng, magnitude, and duration of flow
fluctuation. He proposed that |ess fish are stranded if
dewat ering occurs during daylight hours if increases and
decreases are not inplemented rapidly, and if decreases are
short enough to prohibit stranding pool warmng (or
freezing). Wite et al. (1985) found that juvenile
steel head density shifted from areas W th cover to areas
with depth as flows decreased. Inter-and intra-specific
interaﬁtion at higher fish densities may also influence fish
survival .

Substantial research was conducted on the LMCR to
assess the effects of Dworshak Dam on aquatic invertebrate
production. The results of these studies are discussed
under the section of the report on food availability.

The effects of post inpoundnent annual and daily
di scharge fluctuations on potential natural anadromous fish
production woul d depend on the life stage periodicity of the
fish and cross channel geormetry of the river. Summer
chi nook sal non spawning in |ate August to m d- Sept enber
woul d be of fered nore spawni ng habitat than would be
available in Cctober for incubationn%Figure 19). Fall
chi nook sal mon spawning in m d- Novenber woul d probably be
unabl e to access suitable gravel beds, but their redds woul d
not be dewatered during incubation (Figure 19). The cross
sectional river geometry of the LMCR would al so influence
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t he spawning incubation and rearin? success. Since this
feature determnes the transport of North Fork peaking

di schar ge. Brusven and Trihey (1978) predicted that
changes in water surface elevation would be translated in
changes in wetted perineter depending on channel C earwater
River cross sectional geonetry.
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Exi sting Information on LMCR Water Quality

CGeneral Water Quality Paraneters

Wt er

quality is a dom nant habitat paraneter

influencing fish populations. Water quality data available
for the LMCR and 1ts major tributaries is given in Table 12.

Table 12. Water quality parameters for the | ower mai nstem
CQearwater Rver at Spalding, North Fork (N F)
Cl earwater river bel ow Dworshak Dam Bedrock
Creek, Big Canyon Creek, and Jacks Creek and the
al |l owabl e range of each for salnonid culturing
under hatchery conditions.
Parameter Suggested N.F.  Spal ding® Bedrock® Big® Jacks®
Range® Canyon
D ssol ved
Oxygen >7.0 10.1-13.4 8.1-12.7 ~---- ---mo M-
ng/ L)
Ph 6.5-8.0 6.3-7.5 6.2-7.6 8.1 8.5 8.2
Tot al
Al kalinity 10-400 11- 20 15-28
(ng/ L CaCo3)
Tot al
Suspended <80 -——-  0.4-7.7
Sol i ds
(no/L)
TDS
(ng/ L) 10- 1000 31-47 "o 113 128 116
Nitrate
&3/ L) 03.0 0.02-0.4 0.25-1.0 .2-.37 12 .92
Nitrite
(mg/ L) <.1 <.001-.003 .001-008

a Piper et al. (1982
b Pettit (1976, 1977) Dave Onsley (Per. Conm)
C Kucera and Johnson (1986), Mirphy (1985, 1986)
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D ssol ved Gas Levels

_ The United States Fish and Wldlife service collected
di ssol ved gas data from 1976-1981 whi ch docunented nitrogen
saturations ranging from 99.2-127. 6% (96. 7-120. 3% total gas
pressure) (Dave Oasley pers. conm). However, data _
collection was sporadic, meking it difficult to conclusively
identify gas supersaturation periodicity and duration. In
general it appears that gas supersaturation is associated
with spilling and is nmost conmon from February through June.

Adul t Dworshak Hatchery summer steel head trout and
spring chinook salnon stage in the North Fork C earwater
R ver prior to ascendin% the fish |adder, but there is no
docunentation of gas bubble trauma in these fish (Ral ph
Roseburg per. comm). Conversely, Dworshak Hatchery
steel head sac fry nortality by white spot di sease was
attributed to high supersaturation levels in nursery waters
(Dave Onsley pers. comm).

Sedi nent

~Sedinment data were collected from Potlatch R ver

M ssion Creek, Cottonwod Creek, Big Canyon Creek, Little
Canyon Creek, Wiiskey Creek, Pine Creek, Oofino Creek, and
G ear Creek (Mirphy 1986). Mirphy determ ned that every

| oner mainstemtributary transports |arge sedinent |oads
into the mainstem Clearwater River during spring runoff.
Conversely, these sanme tributaries often flow subsurface by
md to late sumrer (Kucera and Johnson 1986, Murphy 1986).

An intensive thunderstormin the Lapwai Creek drainage,
another major tributary of the LMCR caused an extensive
fish kill 1n 1986 (Mrphy and Johnson 1986). The
researchers specul ated that sedinent-induced suffocation and
agricultural pollutants were responsible for fish nortality.

Dwor shak Dam acts as a "sedinent trap" (Haber et al.
1978) on the North Fork probably resulting in little or no
sedinment input fromthis tributary.

The South Fork O earwater has been inpacted by m ning
and agriculture (Fishery Steering Commttee (1957) in Lane
Lane and Nash 1981) and nost likely contributes unnaturally
hi gh sedinent |oads to the mainstem

The M ddle Fork of the Clearwater River is formed by
the Selway and Lochsa Rivers which are part of the National
WIld & Scenic River Program (Lane, Lane and Nash 1981).

This system flows through a predom nantly uni npact ed
gLanlbﬁg channel and probably contributes little sedinent to
the L
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Suitability of LMCR Water Quality for Anadronous
Sal moni d Production

Ceneral Water Quality Parameters

D ssol ved oxygen, pH, alkalinity, total suspended
solids, TDS, nitrate, and nitrite are within a suitable
range and should not limt anadronous production

Di ssol ved Gas Levels

Lack of continuous gas |level nonitoring makes it
difficult to determne the frequency and duration of gas
supersaturation levels in the North Fork Clearwater R ver
Subsequently, we cannot determne potential inpact on
anadromous salnonid spawning and rearing with certainty.

The absence of gas bubble trauma in adult Dworshak
Hat chery adult chi nook sal mon and steel head trout naY
i ndi cate that supersaturations do not exceed critical |evels
or durations harnful to adult chinook sal mon and steel head
trout. However, the lack of external synptons may al so be
due to the depth of water in which the adults stage prior to
spawning.  Adult chi nook sal mon and steel head trout prefer
to stage in deep water (Raleigh et al. 1984, 1986) and water
depth conpensates for high total gas pressure at a rate of 1
ATM 10 meters of water.

Wi te spot disease docunented in Dworshak Hatchery
steel head trout sac fry has been previously attributed to
gas supersaturated water (Wod 1968 in Witkanp and Katz
1980). Notably, both incidents occurred in artificia
rearing environments. Shallowrearing facilities my
intensify gas supersaturation effects.

The effect of Northfork O earwater Riverhggf
supersaturation on the water quality of the L remains to
be docunented. Qur research shows that the North Fork
contributes approximately 37% of mainstem water by vol ume on
an annual basis. W contend that during periods of high
Nort hfork gas levels, dilution by upriver nainstem water

will maintain | ower nainstemtotal gas pressure bel ow the
Environnmental Protection Agency standard of 110% ( APHA
1976). supersaturation of dissolved gases should not [im:t
anadr onous sal nonid production in the LMCR
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Sedi nent

Excessive sedinment input fromtributaries into nainstem
spawni ng reaches can detrinentally effect anadronous
production. Publications reviewed by G bbons and Sal o
(1973) listed reduced inter-and intra gravel water flow,
alevin trapping, and egg snothering as primarily insults to
spawni ng habitat.

The tributaries of the nmainstem C earwater River
produce unnaturally |arge volunes of sedinent during the
spring. The ability of the Clearwater to transport |arge
vol unes of sedinent during runoff nost certainly influences
the quality and quantity of anadronous sal noni d spawni ng and
rearing habitat in the LMCR  However, this river feature
has never been studied for fisheries purposes.

Existing Information on Clearwater R ver Substrate

Publ i shed information on LMCR substrate exists for
sites studied by Wal ker (1972), Brusven and MacPhee (1976),
and Brusven and Trihey (1978). \Wal ker characterized
substrate by particle diameter in five riffles |ocated
bet ween Ahsahka and Lew ston, |daho (Table 13).

Table 13. Substrate particle dianmeter (cnm in sanple sites,
Cearwater Rver, 1970-71 (From \Wal ker 1972).

Site Aver age Range
1 15.2 0.5 - 22.8
2 22.8 2.5 - 27.7
4 17. 8 0.5 - 27.7
5 15.2 0.5 - 20.4
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_ Brusven and MacPhee (1976) neasured substrate at three
intensive study sites in riffle-run habitats (RKm 38, 50

and 72). They found substrate varied with |ocation, slope
st eepness of bank, and flow conditions. Cobble and rubble
was general |y uninbedded to |/3 inbedded, except at the
mouth of Orofino Creek (RKm 72) where substrate was nore

i medded (Brusven and MacPhee 1976). The authors attributed
this to heavy sedinmentation from Oofino Creek

Brusven and Trihey (1978) evaluated substrate across 14
transects placed primarily in riffle-run habitats. They
found that the LMCR could be subdivided into three reaches,
each with different substrate characteristics. The effects
of Lower G anite Damon the Snake River created a reservoir
pool extending 3.2 Kmup river fromthe C earwater/ Snake
Ri ver confluence. Substrate in the reservoir pool reach was
characterized by silt, sand, and organic debris (Brusven and
Tri hey 1978).

A transition zone extends 3.2 Kmupriver fromthe
reservoir pool. Substrate in this reach was predom nantly
cobbl e and boul ders 50-100% i nbedded in sand (Brusven and
Trihey 1978). The free flow ng reach was by far the
| ongest, extending fromriver Km7.4 to 40.5. Brusven and
Trihey found the substrate in this reach was conposed of
coarse sedinents, cobbles, and boulders. Substrate was
relatively uninbedded due to water velocity.

Rel evance of Existing Substrate Infornation to Anadronous
Sal noni d Spawni ng and Rearing in the LMCR

Spawni ng:

Publi cations on substrate size preferences of spawning
chinook salnon and steel head trout are given in Table 14.
In general, suitable substrate size and abundance increases
with fish size and stream order, respectively (Bjornn and
Rei ser unpublished manuscript).
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Table 14. Substrate diameter (cn) used by spawni ng chi nook
sal mon and steel head trout.

Speci es/ Race Substrate _ _
of D anmet er Gtation
Fi sh (cm
Steel head Trout 0.6-10.2 Hunt er 5197_3)a
1.6-6.4 Rei ser and Wite
(1981)
Sunmmer  Chi nook 7.6-15.2 Burner (1951)
3.2-12.5 Rei ser and Wite
(1981)
Fal | Chi nook 7.6-15.2 Burner (1951)
1.3-10.2 Thonpson (1972)
7.6-25.4 Hunt i ngt on and

Buel | (1986)

, Gted in Pauley, Bortz, and Sheppard (1983). _
Cted in Bjornn and Reiser (unpublished manuscript).

_ G avel stratification or arnoring (Hynes 1972) al so

i nfl uences spawning by obstructing redd digging. Arnoring

occurs when floods or other flow disturbances disrupt nornal

bedl oad sediment transport. Large substrate is deposited
over smaller, resulting in an un-friable stream bottom

Substrate pernmeability is also inportant in spawning
and egg devel opnent. Burner (1951) found that Entiat River
sumer chinook sal non adults abandoned devel opi ng redds on
gravel bars with poor perneability or "subsurface
percolation? Pernmeability of substrate to water flow is
related to the enmbeddedness of the dom nant substrate by
finer materials. Throughout incubation water nust flow
t hrough the egg pocket to oxygenate and flushout netabolites
(Bjornn and Reiser, unpublished manuscript). Studies cited
by Tappel and Bjornn (1983) related egg to fry survival and
enmergence to intergravel water flow and substrate
conposition by particle size. These papers indicate that
t he anount of small sedinent enbeddi ng dom nant particles
affects redd suitability and fish survival: too many fines
limt fish survival through emergence.
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Reari ng:

Substrate may play its nost critical role during fal
and winter rearing. Again, juvenile chinook sal nron and
steel head trout are believed to nove into mainstemrivers
fromtributaries in fall and hide in water substrate as
temperatures decline below 4-5°C (Chapman and Bjornn 1969).
Docunentati on of substrate size preferred by over wintering
sal non and steelhead is rare and classification techni ques
vary by author. Ednundson et al. (1968%_found that juvenile
steel head trout (65-185 mm and age-0 chi nook sal non
overwi ntered between or under "rubble" substrate. Bjornn
(1971) felt that by providing nore "rock" than gravel cover
in a study section in Big Springs Creek, he reduced juvenile
steel head fall emgration. Age-O steelhead in a small
Vancouver |sland stream overw ntered near |o0-25 cmrocks
(Bustard and Narver 1975). Habitat preference of
subyearling steelhead trout in |lower tributaries of the
Clearwater River shifted fromgravels and cobbl es (based on
a nodified Wentworth Scale) in sumer to cobbles and
boul ders in autum (Johnson and Kucera 1985). H ||l nan et
al . (1988) observed juvenile Wnatchee R ver steel head and
chinook salnmon in pockets anong "boul ders” during w nter

Val ker (1972), Brusven and MacPhee (1976), and Brusven
and Trihey (1978) were interested primarily in invertebrate
species diversity, density and bionmass so they concentrated
most of their substrate sanpling efforts across riffles.

Chi nook sal non spawn nostly at the heads of riffles, tails
of pools, around islands and m d-channel gravel bars in
hydraulically uniform areas. Rearing juveniles feed in
riffles but appear to rest and overwnter in shallow |ow
velocity shoreline margins, or in the absence of cover, in
deep pools. Consequently, it is not possible to use

exi sting substrate data to assess the spawning or rearing
potential of the LMCR  Spawning gravel quality, abundance
and | ocation and overw nter rearing habitat should be
docunented to assess the potential of the LMCR to produce
sal mon and steel head trout.
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Exi sting Informati on on LMCR Aquatic Invertebrate Production

Several studies conpared Ere and post i nmpoundnent LMCR
invertebrate communities. \Wal ker (1972) cal cul ated pre-

I npoundnent North Fork and LMCR invertebrate density,

bi omass, diversity, and drift periodicity. \Walker

determ ned that nunbers of benthic invertebrates occurred in
a range 1730-6240/n¥ in Septenber and 24-76.5/M in md-

W nter. D atons were the dom nant periphyton in all

seasons. This researcher documented seven orders of insects
i ncluding Epheneroptera, Plecoptera, Trichoptera, Diptera
Col eoptera, Odonata, and Lepidoptera. Three species of the
cl ass Gastropoda and the classes Pel ecypoda and Qi gochaeta
were also found in sanples. Invertebrate density of al
orders Eeaked_in August, Septenmber, and March. Wl ker also
found that drift occurred predomnately from12:00 p.m to
4:00 aam Drift was highest in March and |owest in Cctober
Ephener opt erans and Trichopterans were the nost abundant
insects in the drift. \Walker concluded that the Northfork
and LMCR held a stable and successionally mature benthic
communi ty.

Differences in Wal ker's numerical classification of
I nvertebrate abundance in 1972, and in Brusven and MacPhee's
in 1976, prohibited an objective eval uation of Bre and post -
I npoundnent invertebrate popul ation density or biomass.
Brusven and MacPhee did state that there had been no
significant shifts in the insect comunity during their
study which started in 1973. N nety-ei ght species of
aquatic invertebrates exclusive of chironomds were
collected in the LMCR by 1976. Drift, dom nated by
ephemeropterans and trichopterans, continued to occur at
ni ght (Brusven and MacPhee 1976, Stanton 1977). Additional
information given by Brusven and Macphee (1976) suggested
that flow fluctuations along the shoreline favored
recol onization by chironomd dipterans. Nonethel ess, these
aut hors concluded that as of 1976 the LMCR was rich in
aquatic insects that had not been detrinentally affected by
Dwor shak Dam caused tenperature and flow changes.  However,
| ong-term study was advi sed.

Accordingly, Brusven and Trihey conducted additiona
research from 1975 to 1977. Over 120 species of aquatic
i nsects, exclusive of chironomds were collected in the LMCR
during this tinme period (Brusven and Trihey 1978) (Table 15).
Shifts in seasonal densities were noted for sone species,
but the authors enphasized that these shifts were mnor and
could not be tied conclusively to Dworshak Dam operations.
Chi ronom ds were nost successful at col oni zi ng shoreline
areas subjected to water |evel fluctuations; as noted
previously (Brusven and MacPhee 1976).
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Filling Lower Granite pool by Lower Ganite Damon the
Snake River in 1975 affected the aquatic insect community of
the lower 6.4-7.4 Km (4-4.6 m) of the Cearwater River
(Brusven and Trihey 1978). These researchers found that by
1978 this river reach was dom nated by chironom d m dges and
filter feeding caddisflies, Brusven and Trihey attributed
t he absence of a nore riverine invertebrate community to the
deposition of silt, sands, and organic debris associated
with Iower water velocities in the pool.

Brusven and Trihey (1978) felt that cool er sumer and
war mer Wi nter water tenperatures since Dworshak Dam
conpletion could have future influence on the aquatic
invertebrate conmmunity. They al so reasoned that water
vel ocity changes caused by damrel eases were inportant
determnants of invertebrate habitat. Subsequently,
tenperature and velocity effects were studied by Brusven and
Haber (1981).

Brusven and Haber (1981) quantified water tenperature
change in terms of degree weeks or "the accunul ati on nean
meekty tenperature above CC during successive weeks. They
found that Dworshak Dans tenperature influence was tw ce as
prevalent in the North Fork than in the LMCR, as would be
expected. Invertebrate densities in the Northfork were
higher than in the LMCR but biomass was | ower since 95% of
Northfork invertebrates were chironomds. The researchers
specul ated that the tenperature requirenents of different
invertebrate life stages and food sources may be partially
responsible for this disparity (Brusven and Haber 1981).

Water depth, velocity, and substrate interact to
influence invertebrate community structure (Brusven and
Haber 1981). Brusven and Haber's d earwater work showed
that mayfly, caddis fly, and stone fly densities were
1500/ mt at 15 cm water depth and 2200/ nt at 30-40 cm water
depth. Beyond these depths the densities of the three
orders decreased. Brusven and Haber concluded that
shal | ower shore areas contributed significant to insect
density. ~ Chironom ds were an exception to this because the
densities increased wth depth.

Vel ocity also influenced invertebrate density. Density
increased within a a velocity range of less than 30 cni set
to 90 cmfrom 1100 insects/m to 3500 insects/n¥, respectiv-
ely. Brusven and Haber questioned the neani ngful ness of
this data since velocity was neasured at 0.6 water depth and
insects inhabit the rock-water interface where velocity is
probably negligible.
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This study al so docunmented hi gher insects densities in
shoreline fluctuation zones with cobble substrate (127-
than with sand substrate (<.1 n). Brusven and Haber added
that substrate size is not an independent variable affecting
invertebrate density, but interacts with mneral particles
and al gae surrounding the substrate, feeding strategy of the
invertebrate, river discharge paraneters, and pernmanency of
wat er i ng.

Tabl e 15. Checklist and distribution of insect species in
the [ ower mai nstem clearwater River (from Brusven
and Trihey 1978).

O der Speci es

Epheneropter a Anel etus connectus, A cooli, A
crgonensis A simliar, A sparsatus, A

validus, Baetis bicaudatus, Baetis
parvusB. tricaudatus, Caenis [atipennis,

Centroptilum sp. #l, Centroptilum sp

#2, Cnygnul a sp., Epeorus albertae,
Epeorus | ongi manus, Ephenera simul ans,
Ephenerella doddsi. Ephenerella
ednundsi, Ephenerella flavilinea,
Ephenerella qrandis, Ephenerella hecuba,

Ephenerel |l a het erocaudata, Ephenerella
hystri x, Ephenerella inerms-infreq.,
Ephenerella nmargarita, Ephenerella
spinifera, Ephenerella tibialis,

Hept agenia Criddl ei, Heptagenia
sinplicoides, Heptagenia solitaria,

Par al ept ophl ebi a bi cor nut a,

Par al ept ophl ebi a _debi li s,

Par al ept ophl ebi a heteronea, Rithrogena
hageni, Rithrogena robusta, Siphlonurus
col unbi anus, St enonema r eesi
Tricorythodes m nutus

Pl ecopt er a Acroneuria californica, Acroneuria
pacifica, Aloperla sp., Arcynopteryx

sp., Brachyptera sp., Cam a SP.,

Cl aassenia sp.., lsogenus sp., |soperla

sp.. Nenoura sp., Peltoperla sp.,

Pteronarcella badia, Pteronarcys sp..

Taeni opt eryx sb.
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Tabl e 15. (Conti nued)

O der Speci es

Col eopt er a Anphi zoa insol ens, Ampuni xus sp. .
Rychivs sp., Ceptelms sp.., Haliplus
Sp., Heterlimius sp., Hydroporous sp.,
Nar pus sp., Ordobrevia sp., Optioservus
sp., Psephenus sp., Zaitzevia sp.

Trichoptera Agapetus sp., Arctopsyche grandis,
Athripsodes sp., Brachycentrus sp.,
Cheumat opsyche sp.. Chimarra sp..

D cosnpbecus sp., Dol ophil odes sp..
Drusines sp.., dossosoma SD. .,

Hel i copsyche sp., Hydroptila sp. A
Hydroptila sp. B, Leucotrichia sp.
Lepi dostoma _sp. A, Lepidostoma sp. B
Leptoceridae (sp.)., Mcrasema sp.,
Neophyl ax sp.. Neothremma sp.,

Neot hrichia sp., Qecetis sp.

Par apsycheel si s, Pol ycentropus sp.,
Psychogl ypha sp., Psychonyia sp.
Rhyacophi [ a hyalinata, Rhyacophila
vagrita, Rhyacophila verrula, Wrnal dia

s p.

Diptera Antocha sp., Antherix vargi agata,
Bl ephariceridae (sp.), chironom dae
(spp.). Dicranota sp., Dolichopodi dae
(sp.). Enpididae (sp.). Ephydridae
(sp.). Forciponyia SP.., Hexatoma sp.
Li onia sp., Onosia sp., Pal ponyia sp.

Philorus sp., Protanyderrus margarita,
Prionocera sp. Sinulium sp.
Strationyidae (sp.). Tabanidae (sp.),

Tipula sp.

(donat a Ophi ogonphus occi denti s, Ophi ogonphus
sever us

Hem ptera Cori xi dae

Neur opt er a Sialis sp.

Lepi doptera Parargyractis sp.
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Suitability of LMCR Invertebrate Production
for Anadronous Sal nonid Rearing

Assessin? the suitability of the Northfork and LMCR
invertebrate fauna for salnon and steel head rearing is
conplicated. Aquatic insects netanorphose based on severa
habitat features. Successful colonization of different
river sections depends upon the habitat preference of the
insects and habitat availability. Tine of day influences
drift as does time of year. River discharge and tenperature
al so may cause changes in invertebrate Eopulatlons, ut
after 12 years of extensive research, changes noted in the
G earwat er cannot be conclusively linked to Dworshak Dam
oPeration because of the conplicated and diverse life cycles
of aquatic invertebrates.

Nonet hel ess, we can make sone generalizations to derive
arelative idea of the suitability of the invertebrate fauna
of the Northfork and LMCR based on the research of Wl ker
(1972) | Brusven and MacPhee (1976%, Stanton (1977), Brusven
and Trihey (1978), Brusven and Haber (1981).

_ The orders of aquatic invertebrates noted in the
literature as being Preferred by juvenile chinook sal nron and
steel head trout (Tables 16 and 175 are found in the North

Fork and LMCR (Table 15).

Densities of all orders of aquatic invertebrates peaks
inlate summer to early fall when juvenile sal mon and
steelhead in Idaho tributary streans may begin novenent into
mai nstem rivers (Chapman and Bjornn 1969, Kucera and Johnson
1986). A secondary density peak occurs in March when water
t enperat ures warm above 4-5 C and juvenile sal noni ds may
end wi nter dormancy.

Epheneropteran, trichopteran, and plecopteran densities
were highest in shallow, |low to noderate velocity near shore
areas often preferred by rearing juvenile sal nonids (Chapman
and Bjornn 1969, Everest and Chaprman 1972, Bustard and
Narver 1975, Shepard and Johnson 1985). Chironomd
di pterans were densely distributed at all depths across the
channel and were nost adept at colonizing fluctuation zones.
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Tabl e 16. Taxonom c conposition of invertebrates in stonmach
sanpl es taken from juvenile chinook salnon as

indicated in the literature.

aquatic insects consuned

63

Taxon Per cent Fish Size Fi sh race Gtation
Nunber s
Di ptera 80°
Trichoptera 3 Daubl e, G ay,
Terrestrials 2 34- 66 Fal | & Page (1980)
Zoopl ankton 14
O her 1
Di ptera 82. 9"
Trichoptera 4.4
Hem ptera 3.2 35-50 Fal | Becker (1970)
O hers 9.5
Di ptera 57.9°
Col eoptera 11.9
Hem pt era 3.3 43-120 Tttt ~Chapman &
Pl ecoptera 3.3 Quistorff (1938)
O hers 6.6
Di ptera 78. 3¢ Br usven
Hem pt era 5.0 &
Trichoptera 4.4 36- 85 Fal | MacPhee
Q hers 12.3 (1976)
a Chironom dae | arvae conposed 78% of aquatic insects
consuned
b Chironom dae | arvae and adults conposed 81% of
aquatic insects consuned
c Chironom dae | arvae and adul ts conposed 76. 4% of
aquatic insects consuned
d Chironom dae | arvae and adults conposed 95% of



Table 17. Taxonomi ¢ conposition of invertebrates in stomach
sanpl es taken from juvenile steelhead trout as
indicated in the literature.

Taxon Per cent Fish Size Gtation
Nunber s
D ptera 50.3
Col eoptera 22.9
Hynmenopt er a 10.5 46- 232 Chapnan %1831§)st orff
Orthoptera 7.8
O hers 8.5
Trichoptera 50.5
D ptera 36.3
Fermpi ptera > 66- 175 Shapol ov & Taft
Col eopt era 4.8 (1954)
Hymenopt er a 1.2
O hers 2.1
Di ptera 38.0°
Ephermeroptera 25.5
Trichoptera 7.6
Col eoptera s 49.0-55.2 Johnson & Johnson
Honopt er a 5.5 (1981)
Hymenopt er a 4.2
Pl ecoptera 3.6
O hers 8.5

a Chironom dae | arvae and adults conposed 29.9% of all

i nsects consuned

64



RESEARCH NEEDS

There is no information on the current use of the LMCR
by spawning or rearing anadronous sal nonids. |ncreasing
hat c er% pre-snolt and snolt releases into the mainstem and
its tributaries may be influencing upriver production by
saturating rearing habitat. Cbviously, we need to docunent
a&gzif possi bl e quantify current spawning and rearing in the
L

Anadronmous fish habitat in the LMCR has never been
evaluated. A thorough assessnent of the quality and
quantity of this habitat, especially spawning and rearing
substrate, will be a prerequisite to determning the ability
of the entire Clearwater R ver drainage to produce and
sustain natural anadromous sal nonid production

Quantification of channel cross sectional water depth
velocity, and substrate conposition in a manner conpatible
with instreamflow evaluation is necessary if we intend to
manage Dworshak Dam operations to accommodat e opti nal
anadronous sal nonid production in the LMCR

A concl usive description of the relationship between
Dwor shak Dam di scharge and the LMCR tenperature regine is
unavail able. The ability to predict the effect of various
Dwor shak Dam di scharge vol unes on downriver water
tenperatures would be a val uabl e managenent t ool

This report was based on the assunption that sumer and
fall chinook incubation to energence will require 1,000
tu's. Verification of this assunption would better enable
researchers to recommend the ideal stock of salnon for re-
introduction into the LMCR  This procedure would al so give
us a better idea of smoltification and outmgration timng.
Perhaps, some fish are mgrating fromthe LMCR during | ow
flow periods after Water Budget augnentation

The LMCR is not an exceedin?Iy productive river
I nformation on the food habits of rearing juvenile sal non
and steel head will be critical in determning the ability of
the lower Cearwater to produce these fish. W should
determ ne what juveniles are feeding on, when they are
feeding, and the densities of preferred food organisns.
Also, 1t would be useful to conpare the diets of hatchery
released fish to wild fish
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Lack of continuous gas |evel nonitoring makes it
difficult to determne the frequency and duration of gas
supersaturation levels in the North Fork O earwater River.
Subsequently, we cannot determ ne potential inpact on
anadronous sal monid spawning and rearing with certainty.
More consistent gas |evel nonitoring is necessary to insure
that gas levels in the North Fork are being maintained
within the 110% total gas pressure EPA standard.
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SUMMARY

Lower mainstem C earwater River water tenperature varies
with proxinity to Dworshak Dam \Vater at Peck (14.8 km
downriver from Dworshak Dan) is warner in the winter and
cooler in the summer than water at Spal ding (39 km downriver
from Dwor shak Dam.

Average | ower mainstem C earwater R ver tenperatures

cal cul'ated using USGS gaging station data from Peck and

SPaI ding for the time period 1972-1987 fall within the range
0 tenﬁeratures tolerated by all life stages of summer and
fall chinook sal mon.

Absol ute maxi num wat er tenperatures during June and July at
bot h Peck and Spal di ng should be of no direct threat to
adult summer or fall chinook sal mon staging or spawning in
the | ower mainstem Clearwater River.

Absol ut e maxi mum Seﬁt enber water tenperatures capabl e of
decreasi ng summer chi nook sal non egg survival occur
infrequently and for very short periods of tinme and probably
woul d not influence natural summer chinook reproduction in
the |ower nainstem Clearwater R ver.

Absol ute mninum water tenperatures during Decenber,
January, and February occur that have the potential to
decrease overw nter survival of age-0 summer chinook and
i ncubating fall chinook eggs in sone years, if the
overwi nter habitat available in the | ower nainstem
Clearwater River is inadequate or intra-gravel freezing
occurs.

Maxi mum | ower mai nstem C earwater River summer water
tenperatures are not directly lethal to rearing chi nook
sal mon or steelhead trout, but nay cause decreased grow h.

Based on the tenperature regine of the | ower nainstem

C earwater River age-l+ summer chi nook sal mon produced
naturally in the river could be near the 102-127 mmcriti cal
Si ze associated with snoltification, concurrent to

augnent ation of the Water Budget assumi ng, rearing occurs in
the Jearwater. Mre work on Summer chi nook sal non rearing
and outm gration behavior is needed.

Fal | chi nook sal mon woul d probably enmerge frommd-Muy to
early June in the lower malinstem Cl earwater R ver concurrent
to peak annual discharge, but may not be physi ol ogi cal I%/
capabl e of snolting until August or September. Successful
outm gration past Lower Ganite Dam concurrent to the

opti mum condi ti ons provided by the Water Budget woul d deP_end
on the nigration behavior of newy energed fry. Information
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pertaining to Snake River fall chinook age at outmgrtation
IS scarce.

Dwor shak Dam rel eases are obviously affecting anadronous
fish habitat in the LMCOR  However,” there is not enough
information on this habitat to quantify dam effects.

Water quality in the LMCR is suitable for natural production
of chinook salnon and rearing of steelhead trout.

| nfformation on substrate of the LMCR is inadequate for
fisheries managenent purposes.

Past research indicates that the invertebrate production of

t he LMCR should neet the rearing needs of juvenile sal non
and steel head trout.
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11.0 15.6 18.9 14.8 11.9 8.0 4.8 3.0 3.0 4.2
11.2 159 18.8 14.6 11.8 7.8 4.9 3.2 2.9 4.4
11.3 16.0 18.8 14.2 11.5 7.6 4.8 3.1 3.0 4.5
11.5 15.8 19.2 14.4 11.3 7.2 4.9 3.1 2.8 4.6
11.5 16.1 18.7 14.3 11.2 6.9 4.9 3.2 2.8 4.8
11.6 16.2 18.6 14.0 11.0 6.6 4.8 3.3 2.8 4.9
11.6 16.5 18.5 13.8 10.8 6.4 4.9 3.3 2.6 4.7
11.5 16.6 17.9 14.0 10.8 6.1 4.8 3.1 2.7 4.8
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11.9 16.6 17.3 13.4 10.5 6.5 4.1 2.8 3.2 4.9
12.11711741341036440 2.8 3.2 4.9
12.3 17.3 17.2 13.4 10.3 6.4 4.0 2.8 3.3 5.1
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SNAKE RIVER SUWER CH NOXKX

AVERAGE M N MUM WATER TEMPERATURE AT SPALDING |DAHO
CALCULATED USING USGS DATA FROM CCTCBER 1972 - SEPTEMBER 1986

DAY JIN JU AUG SEP OCT NOV DEC JAN FEB MR APR MAY  JUN
1 10.6 14.6 17.4 151 11.9 7.8 4.5 2.2 2.9 4.5 5.7 8.7 10.6
2 10.8 14.6 17.8 14.6 121 7.6 4.5 2.0 3.0 4.5 5.7 9.0 10.8
3 11.1 145 180 143 118 7.7 4.3 2.0 2.7 4.5 5.8 838 11.1
4 11.2 15.0 17.5 14.4 11,5 7.8 4.4 2.4 2.5 4.5 5.8 8.6 11.2
5 11.2 15.2 17.3 143 114 7.6 4.2 2.3 2.4 4.5 6.2 8.2 11.2
6 11.3 15,1 17.9 142 115 7.4 4.0 2.1 2.4 4.5 6.4 8.2 11.3
7 11.5 15.0 17.9 142 113 7.4 4.3 2.2 2.3 4.6 6.2 8.3 11.5
8 11,5 15,1 17.7 13.7 1.2 7.2 4.2 2.4 2.4 4.8 6.4 85 11.5
9 11.7 15.1 174 13.6 10.8 6.9 4.2 2.2 2.4 4.9 6.6 8.9 11.7
10 11.7 150 17.8 13.7 10.9 6.2 4.2 2.1 2.5 4.8 6.6 9.0 11.7
11 12.0 15.0 17.6 135 10.9 6.1 4.2 2.0 2.7 4.8 6.8 8.9 12.0
12 12,1152 174 132 106 6.0 3.9 2.0 2.9 4.9 6.9 8.9 12.1
13 11.8 15.4 169 131 105 56 3.7 2.3 2.8 5.0 7.0 9.1 11.8
14 11.7 15.4 17.2 135 1205 5.3 3.5 2.4 2.6 5.0 7.1 9.6 1.7
15 11.7 157 16.8 134 105 5.1 3.5 2.5 2.9 5.0 7.4 9.1 1.7
16 12.016.1 163 13.4 103 4.9 3.4 2.3 3.1 5.1 7.5 8.7 12.0
17 12,2 16.2 16.4 13.2 10.2 5.5 3.4 2.3 3.3 5.1 7.3 8.8 12.2
18 12.3 15.8 161 133 100 5.8 3.5 2.3 3.55.0 7.4 9.0 12.3
19 12,5 15.6 160 131 9.7 5.5 3.5 2.0 3.6 5.2 7.4 9.3 12.5
20 12.8 16.3 161 129 9.9 5.5 3.4 2.0 3.6 5.4 7.5 9.8 12.8
21 12,9 16,5 159 131 95 5.3 3.3 2.1 3.8 5.5 7.1 10.0 12.9
22 13.3 16.6 159 12.8 9.2 5.3 3.3 2.1 3.8 5.5 8.0 9.8 13.3
23 13.317.0 156 129 9.2 5.1 3.2 2.3 4.0 5.6 8.1 9.6 13.3
24 13,5 17.0 155 128 89 5.2 3.1 2.5 4.2 5.5 8.2 9.6 13.5
25 13.6 17.0 153 125 88 5.1 2.8 2.6 4.2 5.6 80 9.6 136
26 13.517.3 153 127 88 5.0 2.9 2.5 4.3 5.6 7.7 9.5 13.5
27 13.9 17.5 157 125 86 4.53.02.44.4 5980 97 139
28 14.0 17.2 160 125 84 4.4 3.0 2.8 4.7 5.8 8.0 9.9 14.0
29 145169 156 121 85 4.5 2.8 2.8 3.8 5.9 8.2 10.0 14.5
30 14.3 16.8 15.6 120 8.3 4.6 2.8 2.7 59 84 10.1 14.3
31 17.3 154 7.9 2.8 2.7 5.9 10.5
AVG 12.3 159 16.6 13.4 101 59 36 23 32 51 71 9.2 123

T.U'S 205.2 313.2 85.7

SUM 604. 1

SIX HUNDRED C UNTS WLL BE AVAILABLE BY NOVEMBEMBER 12
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Table A5.
SNAKE RIVER FALL CH NOCK

AVERAGE MAXI MM WATER TEMPERATURE AT PECK,
CALCULATED USING USGS DATA FROM OCTOBER 1972 -

| DAHO
SEPTEMBER 1987

DAY AUG SEP OCT Nov DEC JAN FEB MAR APR MAY JWN
| 18.8 16.0 12.5 8.5 5.3 3.5 3.1 4.3 5.7 7.9 9.9
2 18.9 15.7 12.4 8.2 5.2 3.6 3.2 4.3 5.7 8.1 10.2
3 18.9 15.7 12.2 8.2 5.3 3.6 3.1 4.1 5.8 8.0 10.4
4 18.6 15.5 12.1 8.3 5.1 3.4 3.0 4.1 6.0 8.0 10.5
5 18.8 15.2 12.0 8.0 5.0 3.1 3.1 4.2 6.3 7.8 10.8
6 18.9 14.8 11.9 8.0 4.8 3.0 3.0 4.2 6.6 7.6 110
7 18.8 14.6 11.8 7.8 4.9 3.2 2.9 4.4 6.6 8.0 1L.2
8 18.8 14.2 11.5 7.6 4.8 3.1 3.0 4.5 6.5 8.2 113
9 19.2 14.4 11.3 7.2 4.9 3.1 2.8 4.6 6.6 8.4 1L5
10 18.7 14.3 11.2 6.9 4.9 3.2 2.8 4.8 6.6 8.3 1L5
11 18.6 14.0 11.0 6.6 4.8 3.3 2.8 4.9 6.6 8.3 116
12 18.5 13.8 10.8 6.4 4.9 3.3 2.6 4.7 6.7 8.3 116
13 17.9 14.0 10.8 6.1 4.8 3.1 2.7 4.8 6.9 8.9 1L5
14 17.8 13.8 10.7 6.0 4.6 3.1 2.7 4.8 7.2 9.1 116
15 17.7 13.9 10.8 6.1 4.4 2.9 2.6 4.9 7.2 8.7 117
16 18.0 13.7 10.6 6.5 4.4 2.8 3.0 5.0 7.1 8.3 1L7
17 17.6 13.5 10.5 6.6 4.1 2.8 3.2 4.9 7.3 8.3 118
18 17.3 13.4 10.5 6.5 4.1 2.8 3.2 4.9 7.3 8.9 1L9
19 17.4 13.4 10.3 6.4 4.0 2.8 3.2 4.9 7.2 9.5 121
200 17.2 13.4 10.3 6.4 4.0 2.8 3.3 5.1 7.4 9.8 123
20 16.8 13.3 10.1 6.1 3.9 2.9 3.4 5.0 7.4 9.8 125
22 16.5 13.2 9.8 6.1 4.0 2.9 3.5 5.4 7.8 9.7 128
23 16.2 13.1 9.5 5.9 3.8 2.9 3.6 5.3 8.3 9.4 11
24 16.3 12.9 9.3 5.9 3.7 3.1 3.7 5.5 8.3 9.1 133
25 16.2 12.8 9.3 5.9 3.5 2.9 3.9 5.5 7.8 9.1 1.3.7
26 16.8 12.8 9.1 5.6 3.5 2.8 3.9 5.5 7.8 9.4 13.8
27 16.9 12.8 9.0 5.1 3.8 3.1 4.2 5.6 7.8 9.4 140
28 16.5 12.6 8.9 5.3 3.8 3.2 4.1 5.5 7.8 9.4 146
29 16.0 12.7 8.6 5.2 3.9 3.1 4.0 5.6 7.9 9.7 149
30 16.0 12.6 8.7 5.1 3.7 3.0 5.8 7.8 9.8 150
31161 8.4 3.7 3.1 5.6 9.9 15.0

AVG 17.6 13.9 10.5 6.6 44 3.1 32 49 711 88 122
T.U'S 94.7 1353 95.4 93.7 152.6 211.7 215.4
SUM 998.7

ONE THOUSAND C UNITS WOULD BE AVAILABLE BY MAY 25
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| DAHO

SEPTEMBER 1987

AVERAGE M NTMM WATER TEMPERATURE AT PECK,
CALOULATED USING USGS DATA FROM OCTCBER 1972 -

SNAKE RIVER FALL CH NOXK

Table A6.
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ONE THOUSAND C UNITS WOULD BE AVAILABLE BY JUNE 12



Table AT
SNAKE RIVER FALL CH NOXK

AVERAGE MAXI MUM WATER TENPERATURE AT SPALDING

| DAHO

CALCULATED USING USGS DATA FROM OCTCBER 1972 -

SEPTEMBER 1987

DAY AUG SEP OCT N DEC FEB MAR APR MY  JUN
19.6 16.7 13.2 8.3 4.9 2.6 3.3 5.2 7.1 9.5 11.2
2 19.6 16.4 13.2 8.4 4.9 2.3 3.3 5.4 6.8 9.0 1L5
3 19.9 16.1 13.1 8.3 4.8 2.7 3.5 5.1 7.0 9.5 114
4 19.6 16.3 12.9 8.3 4.7 2.8 3.1 5.3 7.2 9.2 119
5 19.7 16.3 12.8 8.0 4.5 2.5 2.9 5.3 7.5 9.1 120
6 19.7 16.0 12.7 7.9 4.6 2.5 2.8 5.5 7.6 8.9 12.0
1 19.9 15.8 12.6 8.0 4.5 2.4 3.0 5.2 7.6 9.1 12.2
8 19.4 15.5 12.5 7.8 4.5 2.5 3.0 5.7 7.5 9.5 123
9 19.6 14.8 12.0 7.4 4.3 2.5 2.9 5.6 7.9 9.8 123
10 199 14.8 11.9 7.3 4.4 2.3 2.9 5.7 8.1 9.9 124
11 198 14.6 11.7 6.7 4.5 2.3 3.1 5.9 8.3 9.8 127
12193 14.4 11.4 6.5 4.4 2.6 3.4 5.7 8.3 9.8 12.6
13 18,9 145 11.4 6.2 4.1 2.7 3.5 5.8 8.5 10.3 123
14 189 14.7 11.6 5.8 3.9 2.9 3.4 6.1 8.8 10.5 125
15 188 14.6 11.5 5.5 3.7 2.6 3.6 6.1 8.6 10.0 12.6
16 18.6 14.511.4 59 3.8 2.7 3.8 6.1 8.7 9.7 12.8
17 185 14.3 11.0 6.2 3.8 2.5 3.9 6.0 8.9 9.6 12.9
18 18.3 14.1 10.8 6.2 3.8 2.9 4.2 6.0 8.7 9.7 132
19 179 14.0 10.8 6.0 3.7 2.5 4.3 6.2 8.6 10.1 134
20 181 14.1 106 5.9 3.6 2.4 4.5 6.3 9.0 10.4 134
21 18.6 14.0 10.4 5.9 3.6 2.5 4.5 6.3 9.1 10.7 14.0
22 179 135 10.1 5.7 3.7 2.4 4.4 6.7 8.8 10.7 143
23 174 13.8 9.9 5.5 3.5 2.7 4.7 6.6 9.3 10.4 145
24 176 14.0 9.8 5.5 3.3 2.8 4.7 6.7 9.1 10.0 14.8
25 17,7 13.5 9.4 5.4 3.4 2.9 4.7 6.7 9.0 10.1 150
26 175 13.5 9.4 5.4 3.2 2.9 4.7 6.6 8.8 10.3 14.9
27 181 13.3 9.4 503.4 2.9506.7 9.0 10.4 151
28 179 13.2 9.1 4.8 3.3 3.05.0 6.6 9.1 10.6 155
29 17.3 13.2 9.0 4.8 3.0 3.1 4.3 6.9 9.3 10.7 159
30 170 13.1 8.9 4.8 3.0 3.2 7.0 9.4 10.8 16.1
31 17.0 8.6 3.0 3.2 6.8 11.0
AVG 18.6 14.6 11.1 6.4 3.9 2.7 38 61 84 100 13.3
T.U'S 88.3 121.7 82.5 110.3 187.7 251.6 163.0
SUM 1005

ONE THOUSAND TEMPERATURE UNITS WLL BE AVAILABLE BY  MAY 17
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| DAHO

SEPTEMBER 1987

SNAKE RIVER FALL CH NOXX
AVERAGE M N MUM WATER TENPERATURE AT SPALDING
CALCULATED USING USGS DATA FROM OCTOBER 1972 -

Table A8.
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Tabl e B1. Maxi num July water tenperatures, consecutive days
of maxi mum tenperature occurrence, and corresponding
m ni num July water tenperatures recorded by the
Lng%ed ?tgg%es Ceol ogi cal Survey at Peck, I|daho

Year Maxi num t enperature (°C) Cor respondi ng
(consecutive days of occurrence) mninmm tenperature

1973 19.5 13.0
1
1974 15.% 19.0
1
1975 26.% 19.0
{2
1976 21.5 17.5
0!
1977 20.0 14.0
1
1978 26.% 16.5,18.0
2
1979 21. . 5, 19.
{ % 15.5,19.5
2
1980 2{.% 19.0, 18.5
2
1981 1é.% 16.5
1
1982 15.% 17.5, 18.5, 17.5
3
1983 1§.% 17.0
1
1984 26.% 18.5
(1)
1985 —_—
1986 18.0 16.0, 16.5, 16.5
1987 2&?% 20.5
(1)
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Tabl e B2.

Maxi mum August water tenperatures, consecutive
days of maxi num tenperature occurrence, and
correspondi ng m ni num August water tenperature
recorded by the United States Geol ogi cal Survey at
Peck, |daho 1973-1987.

Year Maxi mum t enperature (°C) Cor r espondi ng
(consecutive days of occurrence) mninmum tenperature
1973 16.5 15.5, 15.5, 16.0,
(5) 16.0, 15.5
1974 21. 5 20.5
1
1975 26.% 19.0, 19.5
2
1976 2{.% 20.0
1
1977 26.% 15.5
£
1978 22.0 19.0
1
1979 15.% 14.0
g
1980 19.5 16.0
1
1981 2{.5 16.5
1
1982 26.% 18.0
4
1983 23.0 20.0
1
1984 2{.% 19.0
()
1985
1986 19.0 16.5, 16.5, 16.5
3
1987 20. . 0, :
é % 17.0, 17.5
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Tabl e B3. Maxi mum Sept enber water tenperatures, consecutive
days of maxi num tenperature occurrence, and
correspondi ng m ni mum Septenber water tenperatures
recorded by the United States Geol ogi cal Survey at
Peck, 1daho 1973-1987.

Year Maxi mum t emperature (°Q) ~ Correspondi ng
(consecutive days of occurrence) mninmm tenperature

1973 14.0 13.0
§Y
1974 19,5 18.0
1
1975 16% 15.0, 15.5, 15.0,
(9) 14.5 14.5 14.5
14.5 14.5 14.5
1976 20.0 16. 0
1
1977 14 12.5 15.5
2
1978 18% 17.5
1
1979 16 12.5 12.5
$2
1980 15.0 13.5
1
1981 4% 11.5
1
1982 17. .0, 14.
§5 15.0, 14.5
§
1983 180 16. 0
§Y
1984 16.0 14.0
() .
1985
1986 14.0 13.0, 13.5
1087 _(2) .
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Table B4. Maxi num Cctober water tenperatures, consecutive
days of maximum tenperature occurrence, and
correspondi ng m ni num Cct ober wat er tenperatures
recorded by the United States Geol ogi cal Survey at
Peck, |daho 1972-1986.

Year Maxi mum t enperature (°Q) Cor r espondi ng
(consecutive days of occurrence) mninum tenperature
1972 10.0 9.5, 9.5, 9.5 9.5 9.5
(12) 9.5, 9.5, 9.5, 10.0,
10.0, 10.0, 9.5
1973 14.5 14.0, 13.5
2
1974 1£.% 13.5
1
1975 14. .0, :
ﬁ % 13.0, 13.0
2
1976 1é.% 14.0, 14.5
2
1977 12‘0) 11.0, 11.0
2
1978 15.% 13.0, 12.5
2
1979 12.5 11.0
1
1980 12. .5, :
é % 11.5, 11.0
4
1981 12.5 11.0
1
1982 . .5, . 5, .
1{ % 10.5, 10.5, 11.0
3
1983 . .0, .
1£ % 11.0, 11.5
(2)
1984
1985 10.0 10.0, 9.5
2
1986 1&.% 11.0, 11.0, 11.0
(5 11.0, 11.0
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Table B5. M ni mum Novenber water tenperatures, consecutive
days of m ni num tenperature occurrence, and
correspondi ng nmaxi num Novenber water tenperatures
recorded by the United States Geol ogi cal Survey at
Peck, I|daho 1972-1986.

Year M ni mum tenmperature (°C) Cor r espondi ng
(consecutive days of occurrence) maximum tenperature

1972 4.5 5.0
1973 §}% 4.0, 4.0, 4.0
é% 4.0, 4.0, 4.5
1974 . 6.0, 5.5
2
1975 i.% 2.5
1
1976 ﬁ.% 6.5
1
1977 6.% 0.5, 4.0
2
1978 i.% 3.5
1
1979 é.% 6.6, 6.5
2
1980 §.% 6.0, 7.0, 7.0
1981 é?% 6.5, 7.0, 6.5,
§a 6.0, 6.5
1982 ) 6.5
1
1983 é.% 7.0, 6.6
2
1984
1985 3.5 4.0, 4.0
(4) 4.0, 3.5
1986 2.5 4.5, 4.5

93



Table B6. M ninum Decenber water tenperatures, consecutive
days of m ni num tenperature occurrence, and
correspondi ng maxi num Decenber water tenperatures
recorded by United States Ceol ogical Survey at
Peck, |daho 1972-1986.

Year M ni num tenperature (°Q Cor r espondi ng
(consecutive days of occurrence) naxinum tenperature

1972 0.5 1.0, 1.0
&
1973 .0 5.0, 5.5
2
1974 ﬁ.% 4.5, 4.5, 4.5
6& 4.0, 4.5
1975 .5 4.0
N
1976 .0 4.&4 (:)%.0,4 8.5,
5 .0, 4.
1977 6.% 2.5
1
1978 i.% 4.0
1
1979 i.% 3.0
{!
1980 .5 5.5
1
1981 i.% 2.0, 1.5
£® 1.5, 2.5
1982 .0 2.5 2.0, 4.0
1983 §?E 4.5, 4.5 4.5
(6) 4.0, 4.0, 4.0
1984 - i
1985 1.5 3.0, 1.5, 3.0
{3
1986 .5 2.0
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Table B7. M ninum January water tenperatures, consecutive
days of m ninumtenperature occurrence, and
correspondi ng maxi num January water tenperature
recorded by the United States Geol ogi cal Survey at
Peck, Idaho.

Year M ni num tenmperature (°Q) Cor r espondi ng
(consecutive days of occurrence) maxi num tenperature

1973 1.0 1.5, 1.5
b

1974 5 3.0, 0.5, 1.0
3

1975 6)5 3.5, 1.5
2

1976 §)5 3.0, 3.0, 3.0
3

1977 Uo 2.0
o4

1978 5 2.5
{4

1979 0 1.5, 1.0, 2.5
X

1980 0 3.0
{4

1981 0 % 8 11 %
4 .0, 1.

1982 6.)5 3.0
54

1983 0 3.0, 2.5
64% 2.0, 3.0

1984 . 2.0, 0.5, 1.0
(3)

1985 S

1986 1.5 2.0, 1.5, 1.5 1.5
67) 2.0, 2.0, 2.0

1987 .0 0.5
(1)
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Tabl e BS8.

M ni mum February water tenperatures, consecutive
days of m ninmumtenperature occurrence, and
correspondi ng m ni num February water tenperatures
recorded by the United States Geol ogi cal Survey at
Peck, |daho 1973-1987.

Year

M ni mum tenperature (°QC) Cor r espondi ng

(consecutive days of occurrence) maxi mum tenperature

1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1986
1987

1.0 1.5, 1.5, 1.5, 1.0, 1.5
5%k 4.0, 4.0, 4.0, 4.0,
ég) 3.5, 3.5, 4.0, 4.0
0 4.0

o 2.0

{1)5 2.5, 3.5

§2)5 3.0, 3.0

(.()2)0 1.0, 0.0, 0.0, 0.5
{4)0 3.0, 2.5, 2.5, 2.5
5815 2.5, 2.5 1.5 2.5
. 3.0, 1.0, 1.0, 1.0, 1.0
5 2.5, 1.0

6% 15

ﬁl)o 2.0, 2.0, 2.5 2.5

1'7) " 2.5, 2.0, 2.5

0 1.5,1.5

6% 1.0, 1.0

(2)
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Tabl e B9.

Spal di ng,

Maxi mum July water tenperatures,
of maxi mum t enperature occurrence, and
correspondi ng m ni num Ju
recorded by the United

| daho 1973-1986.

consecutive days

wat er_ t enper at ur es
tes Ceol ogi cal Survey

Year Maxi mum t enperature (°Q) Cor r espondi ng
(consecutive days of occurrence) mninmm tenperature
1973 23.0 17.0
1
1974 15.% 17.0, 18.0
2
1975 Zé.b 19.5
g
1976 20. 18.5, 19.0, 17.0, 16.5
4
1977 2{.% 15.0
£
1978 22.0 20.5
fy
1979 21.0 18.0
1980 Zﬁ}b 17.0, 18.5, 18.5,
5 19.5, 20.0
1981 26.% 16.5
8
1982 20.0 18.5
1983 15}% 18.0, 18.5, 19.0
3
1984 2§.% 23.0, 17.0
2
1985 Zé.% 20.5
1
1986 20‘0) 18.0, 18.5

(2)
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Tabl e B10. Maxi num August water tenperatures, consecutive
days of maximum tenperature occurrence, and
correspondi ng m ni num August wat er tenperatures
recorded by the United States Geol ogi cal Survey
at Spal ding, I|daho

Year Maxi num t enperature (°C) Cor r espondi ng
(consecutive days of occurrence) mninum tenperature

1973 21.0 18.0, 19.5, 19.5
1974 20‘8) 16.5

1975 28}% 18.5

1976 2{}% 20.5, 19.0
1977 2&?% 18.5

1978 2§}% 21.5

1979 26}5 16.5

1980 15}% 18.0

1981 2%?% 19.0

1982 26}% 18.5, 19.0

1983 26?% 19.0

1984 25?% 21.0

1985 26}6 17.0

1986 2%;% 18.5, 19.5, 20.0
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Tabl e Bl11l. Maxi mum Septenber water tenperatures, consecutive
days of maxi mum tenperature occurrence, and
correspondi ng m ni mum Septenber water tenperatures
recorded by the United States Geol ogi cal Survey at
Spal di ng, 1973-1986.

Year Maxi mum t enperature (°Q) Cor r espondi ng
(consecutive days of occurrence) mninum tenperature

1973 17.0 16.0, 15.5
2
1974 19‘0) 17.0, 16.0
57
1975 15. 14.0, 14.0
2
1976 15.% 16.0
1
1977 26.% 17.0
1
1978 26.% 16.5, 17.0
2
1979 1%.% 14.0, 13.5
6
1980 16.0 13.5
&
1981 16.0 15.0
1
1982 15.% 16.0, 16.0
2
1983 1é.b 17.0, 17.0
(2
1984
1985 17.0 15.5, 16.0
f
1986 17.0 15.0
(1)
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Table Bl12. Maxi num Cct ober water tenperatures, consecutive
days of maxi mum tenperature occurrence, and
correspondi ng m ni num Cct ober water tenperatures
recorded by the United States Ceol ogical Survey at
Spal ding, |daho 1972-1985.

Year Maxi mum t enperature (°Q) Cor r espondi ng
(consecutive days of occurrence) mninum tenperature

1972 13.5 11.5, 12.0, 11.0, 11.0
4
197 16. 16.
973 N 6.0
1
13. 13.0, 13.0
1974 $4
(2
1975 ———-
1976 15.0 14.5
I
1977 1470 13.0
1
1978 141 13.0, 12.0
2
1979 14% 12.0, 12.0
2
1980 TR 11.5, 11.5, 11.5, 11.5
{8 11.5, 11.0, 11.0, 11.5
1981 11. 10.0, 11.0
2
1982 14% 11.5, 12.0, 12.0, 11.5
4
1983 144 13.0, 13.0
2
1984 142 11.5, 12.0, 13.0, 12.0
4
1985 1 9.5

(1)
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Tabl e B13.

M ni rum Novenber water tenperatures, consecutive
days of m ni num tenperature occurrence, and
correspondi ng maxi mum Novenber water tenperatures
recor ded bYdthe United States Ceol ogical Survey at

Spal di ng, aho 1972-1985.
Year M ni mum tenmperature (°C) Cor r espondi ng
(consecutive days of occurrence) maxinmum tenperature
1972 4.5 5.5, 4.5, 5.0
3
1973 5‘0) 5.5, 5.5, 5.0
Am 6.0, 5.5 6.0
1974 .5 5.0
1
1975 8.% 1.0
1
1976 ﬁ.% 5.5, 5.5
{3
1977 .0 3.5, 3.0
2
1978 6.% 1.5
1
1979 ﬁ.% 5.0, 4.5, 5.0
3
1980 é.% 8.5
1
1981 é.% 6.0
1
1982 ﬁ.% 5.0, 5.5
67
1983 . 9.0, 8.5 8.5
3
1984 é.% 6.0
1
1985 é.% 2.0, 4.0
(2)
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Tabl e B14. M ni num Decenber water tenperatures, consecutive
days of m ni num tenperature occurrence, and
correspondi ng m ni num Decenber water tenperature
recorded by the United States GCeol ogical Survey at
Spal di ng, |daho

Year M ni mum tenperature (°C) Cor r espondi ng
(consecutive days of occurrence) naxinum tenperature

1972 0.5 2.0, 1.0, 1.0
3
1973 3‘5) 4.0
1
1974 {.% 2.0
1
1975 i.% 4.0
1
1976 {.% 2.0, 1.5, 1.0, 1.5
4
1977 §.% 4.0, 3.5, 3.5
3
1978 i.% 2.0
1
1979 ﬁ.% 3.0, 2.0
2
1980 ﬁ.% 4.5, 4.0, 4.0, 4.0,
{8% 4.5, 4.0, 4.0, 4.5
1981 . 2.0, 1.5, 1.5, 1.5
4
1982 ﬁ.% 3.0, 2.0, 3.0
() .
1983
1984 -——
1985 1.0 2.0
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Tabl e B15. M ni num January water tenperatures, consecutive
days of m ni num tenperature occurrence, and
correspondi ng maxi mum January water tenperatures
recorded by the United States Geol ogical Survey at
Spal di ng, | daho 1973-1986.

Year M ni mum tenmperature (°Q) Cor respondi ng
(consecutive days of occurrence) nmaxinum tenperature

1973 0.0 1.0, 0.5, 0.5, 0.0,
(8) 0.0, 0.0, 0.0, 1.0
1974 2.0 3.0, 2.0, 3.0
1975 1.3)0 2.0
1
1976 ﬁ)o 2.5 2.0, 2.0, 2.5
4
1977 (H) 3.0, 0.5
1978 52)0 3.0
bt
1979 ) 1.0, 0.5, 0.0, 0.5 0.5 0.5
(11) 0.5, 1.0, 0.5 0.0, 0.5
1980 0.0 2.0, 1.5
1061 L 0
1
1982 “5 1.5, 1.5, 1.5, 1.5,
(7) 1.5, 1.5, 2.0
1983 1.5 2.0, 2.0
2
1984 (3)5 1.0, 0.5, 1.5
3
1985 §)0 3.0, 3.0, 3.0, 3.0,
(8) 3.0, 3.5, 3.0, 3.0
1986 0.5 1.0, 1.0

(2)
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Table B16. M nimum February water tenperatures, consecutive
days of m ni num tenperature occurrence, and
correspondi ng maxi num February water tenperatures
recorded by the United States Geol ogi cal Survey at
Spal ding, |daho 1973-1986.

Year M ni mum tenperature (°C) Cor r espondi ng
(consecutive days of occurrence) maxinmum tenperature

1973 0.0 2.0
(1)
1974 3.5 4.0
1975 {}E 1.5
1976 {}% 2.0, 1.5, 2.0
1977 ﬁ?% 4.5
1978 §}% 3.5, 3.0, 3.0, 3.5, 3.5
1979 6?% 1.0
1980 i}% 2.0, 3.0
{25
1981 . 2.0, 1.5, 1.5,
16) 1.5, 1.5, 2.0
1982 .0 2.0
1983 i}% 3.0, 3.0
1984 i?% 1.5, 1.5, 1.5, 1.5,
£7) 1.5, 1.5, 2.0
1985 .0 3.0, 3.0
1986 g?% 4.5
(1)
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Table B17. Maxi mum May water tenperatures, consecutive
days of m ni mum tenperature occurrence, and
corr espondi nﬂ m ni rum May wat er tenperatures
recorded by the United States Geol ogi cal Survey at
Peck, |daho 1973-1986.

Year Maxi mum t emperature (°C) Correspondi ng
(consecutive days of occurrence) mninmm tenperature

1973 10.0 9.5, 10.0, 10.0
3
1974 10‘5) 9.0, 9.0
o
1975 . 7.5, 8.0, 80, 7.5 7.5
5
1976 16.% 8.0
1
1977 1{.% 10.0, 9.5
2
1978 16.% 8.5, 8.5
2
1979 é.% 8.0, 8.5 8.5
3
1980 1{.% 10.0
1
1981 1{.% 9.5, 10.0
g
1982 .0 7.0
p
1983 11.5 10.5, 10.0
f
1984 14.5 8.0
(1)
1985
1986 10.5 9.0, 10.0
2
1987 15.% 13.5, 14.0, 14.0
(3)
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Tabl e B18. Maxi mum June water tenperatures, consecutive
days of maxinmum tenperature occurrence, and
correspondi ng m ni mum June water tenperatures
recorded by the United States Geol ogical Survey at
Peck, |daho 1973-1987.

Year Maxi num t enperature (°C) Correspondi ng
(consecutive days of occurrence) mninmm tenperature

1973 16.0 14.5, 15.0
2
1974 14‘5) 14.0
i
1975 11.0 9.5
1
1976 1£.% 12.5
1
1977 26.% 16.5, 16.5
2
1978 13. . 0, .
37% 12.0, 12.5
2
1979 1%.% 14.0
§
1980 15.5 13.0
§A
1981 15.5 12.5
o
1982 12.0 10.5
&
1983 15.0 13.5
3%
1984 13. 12.0, 12.5
{2
1985
1986 19.0 16.0
3
1987 23.0 20.5
(1)
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Tabl e B19. Maxi mum May water tenperatures, consecutive
days of maxinum tenperature occurrence, and
correspondi ng m ni mum May water tenperatures
recor ded bY the United States Geol ogi cal Survey at
Spal ding, 1daho 1973-1986.

Year Maxi num t enperature (°C) Correspondi ng
(consecutive days of occurrence) mninum tenperature

1973 16.0 14.0
1
1974 11‘0) 9.5, 10.0
2
1975 1&.% 10.5
1
1976 1{.% 10.0, 10.5
2
1977 1§.% 11.5
o
1978 10.0 9.5, 9.5
2
1979 1§.% 13.0
1980 16}% 10.0, 10.5, 9.5
3
1981 1§.% 12.0, 12.0
2
1982 1{.% 11.0
1
1983 1{.% 11.0, 11.0, 11.5,
{@ 11.5, 11.5, 10.5
1984 11.0 9.5, 10.5
2
1985 16.% 9.5, 9.5
2
1986 11.% 10.0, 10.0, 10.5

(3)
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Tabl e B20.

Maxi mum June water tenperatures, consecutive

days of maximum tenperature occurrence, and
correspondi ng m ni mum June water tenperatures
recorded by the United States Geol ogi cal Survey at

Spal ding, 1ldaho 1973-1986.

Year

Maxi mum t enperature (°C

(consecutive days of occurrence)

Cor r espondi ng
m ni num tenperature

1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986

20.5

136

13'h
14%
205
18%
117
16'h
18'h
157
19'h
15'h
16%

195
(1)

14.5,

19.0, 19.5
12.0
11.5, 11.5
12.0, 12.5
17.0, 17.0, 19.0
15.0, 14.5
14.5, 14.5, 14.5
13.0
15.5
11.0
16.5
15.0, 14.0
16.0
18.5
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Task 5. Conduct a review and analysis of the potenti al
costs and benefits to be obtained from outplanting
salmonids in the lower Cearwater River

Jeff G slason (personal conmunication) explained that
t he purpose of this task was to cal cul ate how much it woul d
cost to outplant enough snolts to get 100 adult fall chinook
back to the LMCR W acconplished this task by contacting
Paul Seidell of the VﬁshinPton Departnent of Fish and Gane
to acquire Snake River fall chinook total rearing costs and
snmolt to adult survival to Lyons Ferry Hatchery. Ve assumed
that if the adults had to negotiate Little Goose and Lower
Ganite Dans there woul d be and additional 30%nortality by
the time the fish reached the LMCR (i.e. if 143 adults
survive to Lyons Ferry 43 woul d di e passing over Little
Goose and Lower Ganife Dams). The calculations that follow
were made for age-0 fry and age 1+ snolt releases with adult
hat chery escapenment rates of .25% and 1.5% respectively.
Adult hatchery escapenent rates of .50% and 4.0% for age-0
and age 1+ respectively, were also used in calculations to
provide for increased fish survival with inproved dam
gassa e.Ib Total rearing costs to fry/snolt rel ease average
2. 50711 b.

Age- 0 Rel ease:
Nunmber of fry (.0025) 143 fish returned

Nunmber of fry 143/ . 0025
Nunmber of fry = 57,200

so: (57,200 fry)(Ilb./75 fry) ($2.50/1b.) = $1,907
Number of fry (.005) = 143 fish returned

Nunmber of fry = 143/.005
Nunmber of fry = 28,600

s0:(28,600 fry)(IIb./75 fry) ($2.50/1b.) = $953

Age- 1+ Rel ease:

Nunber of snolts (.015)
Nurmber of snolts
Nurmber of snolts

143 fish returned
143/ .015
9,533
s0:(9,533 snolts) (1l b./6 smolts)($250/11b.) = $3,972
Nunber of snolts (.04) = 143 fish returned
= 143/

Number of snolts = .04
Nunmber of snolts = 3,575

s0: (3,575 snolts) (1llb./6 snolts)($2.50/11b.) = $1, 489
123



Therefore, if we were to set an escapenent goal of
10,000 fish to the dearwater River for 1991 (assum ng fish
would return as 3 salts) we would incur costs in the
fol | owi ng range.

Age-0 Release (.25% adult escapenent to hatchery):

$1,907/ 100 adults = X$/ 10,000 adults

so. A 10,000 fish escapenent would cost $190, 700

Age-0 Release (.50% adult escapenent to hatchery):
$953/ 100 adults = X$/10,000 adults
so; A 10,000 fish escapenent woul d cost $95, 300

Age- 1+ Release (2.0% adult escapement to hatchery:
$3,972/100 adults = X$/10,000 adults
so. A 10,000 fish escapenent would cost $397, 200

Age-1+ Release (4.0% adult escapenent to hatchery:
$1,489/100 adults = X$/10,000 adults
so. A 10,000 fish escapenent woul d cost $148, 900
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